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The f ish occupies an important p lace not only in 
our country but in tbe whole world as i t i s one of the 
r i ches t sources of p ro te in , and vitamins A and D. The 
f i sh o i l i s also a very good source of ca lo r i e s , in India 
about 60% of the population i s suffering from prote in 
deficiency and even a higher percentage from malnut r i t ion . 
The f ishes can be a very useful source for overcoming 
these def ic iencies , our country haS a very r ich fauna of 
fisheS/ the Indian coas t l ine being 4,667 km. long, the 
continental shelf beyond i t has an area of about 259,000 
sq.km. and fur ther beyond extends an i n f i n i t e expanse of 
deep sea. in addition, there are big e s tua r i e s , thousands 
of miles of r ive rs and innumerable lakes and a l l these 
Waters are r ich ly inhabi ted by these beaut i ful and 
useful c rea tures , the f i sh . 
Like a l l animals, f ishes also suffer from a number 
of diseases (Lagler e t _al. / 1962) many of which may be 
due to p a r a s i t i c in fec t ions . In order to u t i l i z e f ish 
as an i t e n of food, i t i s e ssen t ia l tha t these must be 
heal thy. This necess i t a t e s extensive study of f ish 
pathology. The p a r a s i t e s cause various pathological con-
d i t ions in f ish making the study of f ish paras i to logy 
qui te e s sen t i a l . Cross (19 33) showed tha t p a r a s i t i c 
i n f e s t a t i on tends to decrease the growth ra te r esu l t ing 
in the s tunt ing of the f i sh . I t has been reported t h a t 
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a heavy p a r a s i t i c burden may postpone sdxual maturi ty of 
the f ish host thus r e su l t ing in p a r a s i t i c cas t ra t ion 
which i s a well known phenomenon as indica ted by Kerr 
(1948). Various organs of the f ish get damaged by t h e i r 
P a r a s i t e s thereby affecting the y ie ld of f i sh products 
such as l i v e r oi ls ' e tc . (srivastava# 1975), These, and 
many other examples go to prove the importance of the study 
of f ish paras i to logy in order to have a fiim grasp of f i sh 
pathology. 
"Blood i s l i f e " i s the b i b l i c a l phrase. I t cons t i -
tu t e s approximately 1% of the normal body weight of an 
animal and i s very closely associated with i t s t o t a l « 
metabolism. I t represents the main t ranspor t medium for 
food, waste gases, hormones e t c . and plays many important 
ro les in co-ordinating the individual c e l l s in to a whole 
complex organism. Blood i s a r e l i a b l e index of physiological 
condition of the f ish and i t s proper evaluation with respect 
to the physica l , chemical and biological influence throws 
l i g h t on the adjustment tha t a f i sh population has been 
able to make with i t s environment. Information concerning 
the blood composition of f ish i s valuable to f ish patho-
l o g i s t s as i t f a c i l i t a t e s c l i n i c a l diagnosis. 
Paras i tes contained in t h i s important t i s sue are 
evident ly of grea t value due to the reasons mentioned 
above. Hence during the present inves t iga t ions , s tudies 
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vere confined to blood p a r a s i t e s and the blood of f i shes 
was found to harbour the f l age l l a t ed protozoan p a r a s i t e s 
belonging to the genus Trypanosoma Gruby/ 1843. 
Trypanosomes are blood p a r a s i t e s which ex i s t in 
a l l sor t s of ve r tebra tes - f ish/ anphibians, r e p t i l e s , 
b i rds and memmals. Trypanosomes have played an i n t e r e s t -
ing role in the development of cer ta in concepts in 
biology and medicine (Chandler & Read, 1970). 
Trypanosoma was f i r s t discovered by Valentin (1841) 
in the blood of the brown t rou t , Salmo f ar io and the 
genus was es tabl ished by Gruby (1843) for the frog t ry -
pano some, T. Sanguinis. A number of trypanosomes have 
been r ^ o r t e d from di f ferent animals during the pa s t 
years . Various species of t h i s genus have been proved to 
be of great pathological importance in many groups of 
ve r tebra tes . The f i r s t connection of a trypanosomes, 
with a disease was discovered by EVans (1880) who men-
tioned Trypanosoma evansi as the causative agent of 
•surra* in the blood of Indian horses and camels, 
T. gembiense causes sleeping sickness, T. cruzi chaga's 
disease and T. rhodesiense Rhodesian trypanosomiasis in 
man; T, equiperdum, T. evansi/ T. equinum, T, bippicum 
and T, brucei cause Dourine, surra, Mai de Caderas, 
Murrina and fa ta l nagana respect ively in horses and 
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Cat t l e ; and T. congolense causes bovine trypanosomiasis 
in cows and other domestic animals, Hornby (195o) 
remarked "Trypanosomiasis i s unique anong diseases in 
t h a t i t i s the only one which by i t s e l f has denied vast 
areas of land to a l l domestic animals other than poul t ry" . 
Various aspects of trjrpanosofnes have a t t r ac t ed 
a t ten t ion during the p a s t century. Brace (1895) the d i s -
coverer of T. brucei demonstrated by experiments t ha t the 
t s e - t s e f ly , Glossina mo r s i tans transmits trypanosomes. 
The family Trypan©somidae was created by Doflein (1901) 
with three subgenera of the genus Trypanosoma and he 
included the p i sc ine and some mammalian trypanosomes in 
h i s second subgenera/ Hexpetosoma. Laveran & Mesnil (1901) 
separated b i f l age l l a t ed forms from the genus Trypanosoma 
and t ransfer red then to a new genus Tryp anopl asm a. The 
f i r s t trypanosome in the blood of man was observed by 
Forde (1902), Kleine (1909) showed tha t the t s e - t s e f ly 
i s a t rue intermediate host , not merely a mechanical 
t ransmi t te r , woodcock (192o) gave di rec t ion to the ex i s t -
ing syston of nomenclature of trypanosomes and trypanosome-
l i k e s t ruc tures and advocated the systan of p r i o r i t y . 
The nafne Trypanosoma u l t imate ly survived up to t h i s day 
and i t includes a l l the known trypanosomes, 
A considerable l i t e r a t u r e has accumulated on f i sh 
trypanosomes with r ^ o r t s of t h i s p a r a s i t e from a l l over 
the world. A la rge number of trypanosomes haVe been 
reported both from freshwater and marine f i shes around 
the globe and many of then have been given spec i f ic names. 
The descr ip t ions vary g rea t ly from a mere mention of 
these f l age l l a t e s or inadequate account with no proper 
s c i e n t i f i c nom,enclature/ accurate measurements or i l l u s -
t r a t i o n s to works where an exhaustive account of trypano-
somes i s given alongwith appropriate f igures and measuranents. 
Fish trypano somes have been variously named by 
d i f fe ren t workers - undulina ran arum Lankester, 1871 and 
Paraimecioides Grassi, 1881. But the nejne Trypanosoma i s 
most commonly used. 
The f i r s t p i sc ine trypanosome was recorded by 
Valentin (1841) from salmo far io which also happens to be 
the f i r s t report of any trypanosome in trypanosome h i s to ry . 
Danilewskyi (1885) discovered a trypanosome from cyprinus 
carpio. Montel (1905) reported T. c l a r i ae from Clarias 
macrocephalus. Castel lani & wiHey (1905-'06) recorded 
T. saccobronchi from Saccobronchus f o s s i l i s and Button 
e t a l . (1906) recorded trypanosomes from Cl ar i as angolensis. 
Neave (1906) reported but did not describe trypanosomes 
from Polypterus sp. Robertson (1906^ *09/ '12) detected 
trypanosomes in the alimentary t r a c t of leeches and 
studied t h e i r transmission. WDodcodc (1909) published a 
t r e a t i s e on the haemoflagellates and a l l i e d forms. 
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Unnafned trypanosomes v;ere reported by Mathis & Leger 
(1911) • Doflein (1916) suggested tha t trypanosomes may 
Cause pathogenic condition in f i shes , Pearse (1933) 
recorded T. opbicepbali from Ophicepbalus s t r i a t u s / 
Rodhain (19 42) recorded T. gandei and T, malopteruri from 
Labeo macro stoma and Malapterurus e l ec t r i cus respect ively , 
Bacigalupo & de l a Plaza (19 48) reported T. marplatensis 
from Psammotics mi crop S/ and Laird (19 48) described 
T. h e p t a t r e t i from Heptaturetus cirrhatus» Three species 
of trypanosomes were described from Tilapia mossgmbica by 
Dias (1955). Noble (1955) contributed towards the morpho-
logy and l i f e cycle of trypanosomes. Leger (1959) carr ied 
out s tudies on the p a r a s i t e s of freshwater f ishes and 
also suggested methods for t h e i r control . Baker (1960/ '61) 
discovered T. mukasai from eleven fish species and 
at tenpted to iden t i fy t h e i r vectors and Becker (1967) 
encountered T. occ iden ta l i s from three species of fresh-
water t e l c o s t s . The poss ib le re la t ionship between taxonomy 
and pathology in trypanosomes was worked out by Abolarin 
(1970). During the recent years, various species of 
trypanosomes have been discovered from freshwater t e l cos t s -
T. l o t a i Smimova/ 1970; T. catostomi Daly & DeGiusti,1971; 
T' neinavana Fottohy, 1978. The trypanosomes from marine 
f i shes were reported by Laveran &. Mesnil (1901, '02); 
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Brumpt & Lebai l ly (1904) ; Lebai l ly (1904, '05) ; Neumann (1908, 
'09) ; Cbles (1914); Kucfc (1923); Kakerras & Mack e r r as 
(1925); Laird (1951); Bullock (1958); Saunders (1958, «59) ; 
Khan (1972) and So (1972). 
AS evident from the above out l ine / considerable 
l i t e r a t u r e has accumulated on f ish trypanosomes during 
the l a s t century from a l l over the world. However, India 
has proceeded at a slower pace and the work done in t h i s 
f i e l d i s comparatively scant. 
The dawn of the twentieth century i n i t i a t e d the 
work on f ish trypanosomes in India when Lingard (1904) 
for the f i r s t time reported trypanosomes from cer ta in 
lower animals and f i shes . Ke observed the presence of 
•trypanosomes in Ophicephalus s t r i a t u s and in other 
species of f ishes col lec ted from a r i ve r a t Poona, south-
West India. He also reported another species of trypa-
nosome from the sane host from the River j^:nuna and i t s 
back waters from Northern India. Ihese unnamed 'two ' 
species lacked nomenclature/ f igures and mensural data. 
De-Mello & Valles (19 36) observed trypanosomes in 
CI ar i as batrachus. 
The f i r s t exhaustive work on trypanosomes of 
Ind ia was done by Qadri (1955) on edible f ishes who 
provided a de ta i led account of the p a r a s i t e observed by 
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Lingard (1904) and named i t Trypanosoma s t r i a t l « Qadri 
(196 2a,b) described two more trypanosomes from Indian 
freshwater f ishes - Trypanosoma batrachi from CIarias 
batrachus and T. danilewskyi saccobranchi from Saccpbranchus 
f o s s i l i s and also i den t i f i ed Hani clep s i s margin a t a as the 
Vector of the l a t t e r trypanosome and attempted to study 
the l i f e cycle of t h i s p a r a s i t e . Hasan & Qasim (1962) 
reported T, puncta t i from the common Indian freshwater 
murrel/ Ophicephalus punctatus from Aligarh. Joshi (197 3, 
•78a/ •79a) and Tandon & josh i (197 3) have described 
several species of trypanosomes from f i shes of r i v e r 
Gomati and Chinhat lake of Lucknow d i s t r i c t ; T. maguri 
from d ar i as batrachus/ T. v i t t a t i from Mystus v i t t a t u s , 
T. mrigali from Cirrhina mrigala, T. seenghali from 
Mystus seenghals/ T. bata i from Labeo bata and T. stigmai 
from puntius stigma* He had also car r ied out a survey on 
the trypanosomes occurring in the f ishes of Lucknow. 
Misra _et a l , (197 3) and Raychaudhuri & Misra (197 3) 
reported and described the occurrence of trypanosomes 
from f ishes col lec ted from di f fe ren t ponds and lakes in 
and around Calcutta - T. gachuii from Ophicephalus gachua, 
a dimorphic trypanosome whose morphology and a f f i n i t i e s 
among trypanosomes of Ophicephalid f i shes has been 
discussed; T. mukundi from Heteropneustes f o s s i l i s and 
T. elonqatus from ophicephalus punctatus . From Nain i ta l , 
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Pandey & Pandey (1974) reported T. balgulensis from 
CIrrhina reba and Qstebrama cotlo« 
Much work has been done by Mandal (1975^ *11, '78a, b, 
'79) who worked on trypanosomes of f i shes of Calcutta and 
has described T. armeti and T. pancal i from the spiny ee l s , 
Mastacenbelus armatus and M. pancalus respect ive ly ; 
T. choudhuryi from Tilapia mossgnbica; T. anabasi from 
the climbing perch, jyiabas testudineus/ T* canc i l i from 
the gar f ish Xenentodon cancila and T. bengal en s i s from 
Mystus b leeker i . Rao (1975) proposed tha t the f luctuat ion 
of infect ion of trypanosomes (T« saccobranchi from 
Saccobranchus f o s s i l i s ) in f i shes was the r e s u l t of the 
quant i ty and qua l i ty of food intake of the f i shes . Haldar 
& Mukerjee (1979) l i s t e d protozoan p a r a s i t e s from 
Ophicephalus puncta tas . Recently, Naras imh^ur t i & 
Saratchandra (1980) reported two new species of trypano-
somes T. channai from C^anng punctata and T. qadr i i from 
CI a r ias batrachus col lec ted from Vishakh^atnem and 
Srikakulum, Developmental forms of the p a r a s i t e have 
been reported for the f i r s t time from Trichogaster f a sc ia t a 
and Heteropneustes f o s s i l i s by Gupta & J a i r a j p u r i (1981a/b) 
from Aligarh, 
Attempts to cu l ture trypanosomes have been done 
by a few authors. Novy & MacNeal (1905) successfully 
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cu l t iva ted the trypanosomes of b i rds in blood agar medium 
wbicb ranained free from bac te r i a l contanination and in 
v^hicb the organisms underwent mul t ip l i ca t ion . Many species 
of Trypanosoma "have since then been cultured in a s imi lar 
manner. p e t r i e (1905) and Brumpt (1906) t r i e d to c u l t i -
vate trypanosomes in NNN medium who i so l a t ed T. denilewskyi 
and T. granule sum respect ively but could not succeed to 
es tab l i sh them in subculture. i*horapson (1908) cu l t iva ted 
T. carass i from the gold f i sh va r i e ty of carp in NNN 
medium. Tanabe (19 24) cultured trypanosomes of a J ^ a n e s e 
f i sh i so l a t ed in Ponse l l e ' s medium. Berens e t al« (1976) 
cul tured trypanosomes in a simple monophasic medium. 
From India, Qadri (196 2c) i s the only worker who 
Cultured trypanosomes and described the development in 
cu l tu re of T. s t r i a t i from ophicepbalus s t r i a t u s . He 
elucidated the l i f e cycle and morphology of t h i s p a r a s i t e 
in cu l ture and the effect of tanperature on these cu l tu res . 
The effect of ecological fac to rs on p a r a s i t e s of 
f i shes in general have been made by Dogiel e t a l . (1958). 
However, t h i s aspect of study on trypanosomes i s very 
scant . Bower & Woo (1979) observed infect ion of T. catostomi 
from the white sucker Catostomus commersoni from Southern 
Ontario, Canada during summer months. They also found 
higher infect ion (33%) in juven i le f i shes as compared to 
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the adult ones (4%) and infec t ion was observed only in 
6-10 l o c a l i t i e s out of the 33' l o c a l i t i e s exemined for 
trypanosome infec t ion . j o sh i (1979a) found higher 
infec t ion of trypanosomes during the colder months of the 
year (November to February) while making a survey on the 
occurrence of trypanosomes from freshwater t e l e o s t s of 
Lucknow, India. Letch & Ball (1979) studied the preva-
lence of T. cob i t i s in Qottus gobio/ Neriacheilus barba-
tu lus / Gobio go bio . ihese authors too reported higher 
incidence of trypanosomes in summer months. 
The host spec i f i c i t y of p a r a s i t e s was worked out 
by Dogiel (1962) who worked on host spec i f i c i ty of 
d i f fe ren t p a r a s i t e s in d i f fe ren t hos t s . J a i r a jpu r i (1974) 
studied host spec i f i c i ty in b i rd ndnatodes of Ut ta r 
Pradesh, India. 
Host spec i f i c i ty of f ish trypanosomes a t t r ac t ed 
a t ten t ion of Becker (1967) who described the occurrence 
of T. occ identa l i s from three species of freshwater 
f i s h e s : QDttus gulosus/ c. rhotheus and Gasterosteus 
aculeatus. Becker (1977) s ta ted tha t host re la t ionsh ip 
of p i sc ine haonoflagel lates was euryhos tp i ta l i c and 
Were more vector spec i f ic than host speci f ic . Kbaibulaev 
(1976) studied spec i f i c i t y of trypanosomes from f ish 
blood. K^an (1977a) reported broad host spec i f i c i t y of 
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T. munnanensis from seven species of marine t e l e o s t s : 
Hippogossoides platessoides^ Linianda ferrugina/ 
Glyptocephalus cynoglossus, Lycodes r e t i cu l a tu s / jifiarhi-
chas minor, A» lupus and LJparis cyclostigma from 
New Foundland waters, Canada. in India* host spec i f i c i ty 
of f ish trypanosomes have not received due a t ten t ion , 
and t h i s f i e l d remains yet to be explored. The only 
worker who can be c i ted in t h i s f i e l d i s Mandal (1979) 
who has commented on host spec i f i c i ty of p i sc ine haoiio-
f l a g e l l a t e s . He has emphasized the importance of the 
vector , the leeches in transmission of p a r a s i t e s due to 
t h e i r d i f f e ren t i a l hos t preferQice« 
HaOTiatological values of fresh water Indian f ishes 
have been observed by Banerjee (1956), Qayyum & Naseem 
(1967), Bagchi & Ibrahim (1974), Raizada & Maheshwari 
(1977), Joshi (1978c), Chitra & R^ana Rao (1979), Raizada 
Sc Singh (1980). Effect of d i f fe ren t ecophysiological 
condit ions on the blood p i c t u r e was observed by Pradhan 
(1961), Banerjee (1966) and Sharma e t _al. (1978). Some 
experimental s tudies l i k e s tarvat ion , asphyxiation, vary-
ing toTiperature were also studied by a number of workers 
( joshi , 1978b and Joshi e t a l . , 1980). 
However, s tudies on the effect of p a r a s i t e s on the 
d i f fe ren t c e l l s of blood of f ishes are very scant. in 
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general, f ive types of blood c e l l s bave been widely 
observed and described in f i shes v iz . e ry throcyt ic c e l l s , 
granulocytic cells, thrombocytes, spindle c e l l s and 
agranular or lymphoid c e l l s . High degree of va r ia t ions 
in t o t a l erythrocyte counts (Rooney et a l . / 197 2; 
Weinberg et al^,, 1972; Denton & Yousef, 1975; Tendon & 
Josh i , 1976), t o t a l leucocyte counts (Khan & Siddiqui, 
1969; Haider, 1972; Dabral, 1980), haemoglobin (Li e t a l . , 
1972; Todd, 1972; Haider, 1973; Josh i , 1978b) pe r u n i t 
volTome of blood under normal physiological conditions 
have been observed in f i shes . Effect of various p a r a s i t e s 
on the TEC Values of f i shes have been given by Sporoston 
& Hartely (1941), Mann (1953, '64), Tandon & jo sh i (1973), 
Pandey & Pandey (l974) and Ikeda e t a l , (1976), 
Paras i tes also influence the t o t a l white ce l l 
count Values in f i shes (Tandon & Josh i , 197 3; Pandey & 
Pandey, 1974 and Ikeda e t a l , , 1976). 
Moreover, s tudies on the effect of p a r a s i t e s on 
haemoglobin values of some f ishes (Pandey & Pandey, 1974; 
and Khan, 1976) have also been made. 
Trypanosomiasis in f ishes causes not iceable changes 
in the number of blood c e l l s both RBC and WBC and also in 
i t s shape (Dabral, 1980). I t had also been pointed out 
var iously e a r l i e r (snimova, 1971; Dykova & Lom, 1978a,b; 
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Lom et a l . , 1978; Josb i , 1979b; j o sh i & Dabral, 1979, '80) 
t h a t trypanosomiasis in f ishes causes changes in the 
Various blood parameters. 
A considerable l i t e r a t u r e i s avai lable on the effect 
of trypanosomes on the biochanis t ry of blood of various 
small and la rge warmblooded animals (schem, 19 25, '28; 
Zwemer & cxilbertson, 1939; Ikez iani , 1946; Hoppe & Ciiapman, 
1947; Marciacq & seed, 1970), but the per ta in ing l i t e r a -
tu re reveals tha t almost no work has been done in the 
cold blooded animals, specia l ly in f i shes , Glycemia and 
some c l in i ca l signs due to trypanosomes in f ishes have 
been studied by snimova (1970), Tandon & josh l (1974) 
and W30 (1979). 
During the present course of s tud ies , an a t tenpt 
has been made to study some important aspects of f i sh 
trypanosomiasis. s tudies were car r ied out on the frequ-
ency of infect ion of trypanosomes, t h e i r taxonomic s t a tus 
which i s duly s ign i f i can t as i t provides de ta i led 
descr ip t ions of six new and two already known species of 
trypanosomes and the morphology of these trypanosomes i s 
adequately described. Moreover, ecophysiological condi-
t ions viz , the effect of age of the f i sh , l o c a l i t y from 
which i t was col lected and seasonal var ia t ions on 
trypanosome infect ion was also studied, ^ attempt was 
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made to find out how these fac to rs act and cause 
Var i ab i l i t y in the trypanosome infec t ion . inference on 
host spec i f i c i ty along with su i t ab le reasons was also 
drawn from the above f indings. Clinical manifestat ions/ 
physiopathological symptoms and biochemical changes in 
blood p i c t u r e due to trypanosome infect ion in f i shes has 
not yet been properly worked out . incorporated with the 
taxonomy/ the present work i s also an a t t enp t to i nves t i -
gate the physiopathological conditions/ haematological 
Values in healthy and infected f ishes which are compared 
and contrasted. Biochanical s tudies were made in f ive 
d i f fe ren t blood paranneters v iz . glucose/ choles terol / 
pro te in / a lkal ine and acid phosphatase in heal thy and 
infected f i shes and t h e i r cor re la t ion and s ignif icance 
were worked out. 
The present work i s a humble a t tanpt to study the 
above aspects of f i sh trypanosomiasis to f i l l - i n the 
void exis t ing in t h i s f i e ld which i s l i k e l y to provide 
stimulus for fu r ther v/ork. 
fg § # 
IG 
T'he p resen t work was i n i t i a t e d in the month of 
March, 1978 a t ALigarh Muslim univers i ty , ^ i g a r h . Live 
f i shes were obtained and maintained in the laboratory 
and observations were made round the year. 
Collection of hos t ; 
Local fishermen were contacted &nd f i shes were-also 
co l lec ted personal ly in order to have a regular supply of 
the host . The f i shes were col lected from di f fe ren t l o c a l i -
t i e s of Aligarh, v i z . -
Local i ty A - Drain near Medical CDllege 
Local i ty B - Drain in front of sa ro j in i Naidu Hall 
Local i ty C - Pond near Kwarsi 
Local i ty D - Chautal 
Local i ty E - Pond near Octroi pos t 
Local i ty P - pond of the Zoology Department 
A to ta l of 1, 240 f ishes belonging to the following 
15 species were examined for the presence of the p a r a s i t e s : 
Notopterus notopterus/ Catla ca t l B, Cirrhina mrigala/ 
Cyprinus carpio, Labeo rohi ta , puntius ticto# Wall ago at tu , 
Mystus v i t t a t u s , M. tengara, Heteropneutes f o s s i l i s / 
Clar ias batrachus, Xenentodon cancila/ Channa punctatus/ 
C. s t r i a t u s and Trichogaster f a sc ia t a . These consisted of 
f i shes of a l l sizes, ranging from juven i les to adul t s . 
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Live fislies were maintained in the laboratory in 
an aquarium. Natural food such as mosquito larvae , small 
cxustaceans/ some phy top lank tons and earthworms e t c . , 
was provided to the f ishes t i l l the inves t iga t ions l a s ted . 
The f ishes were examined within two days of t h e i r col lec t ion. 
Determination of age; 
The age of the f ishes was determined in order to 
study the effect of age of the host on the incidence of 
infect ion of the p a r a s i t e . In order to do t h i s the 
following two methods were employed: 
Scale method; 
The use of scales has shown i t s e l f to be the 
simplest and most accurate means of studying the age 
(Laglar, 1956). The method i s based on the f ac t t h a t the 
growth of the f i sh i s a t i n t e r v a l s . In summers, the f ish 
feeds in tens ive ly , grows, and ridges or c i r c u l i are pro-
duced on the f i r s t formed stratiom of the outer l ayer of 
the scale which are composed of a t ransparent homogeneous 
substance cal led hyalodentine. in winters , when the 
in take of food i s l e s s , the growth ceases and the cessa-
t ion in ridge formation r e su l t s in grooves or 'annuli ' , 
IXiring the f i r s t year of i t s l i f e , ridges are formed 
with no indica t ion of any annulus, su-ch f i shes are the 
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underl ings or spec i f i ca l ly spea>::ing belong to O age 
group. when one annulus i s formed, the f i sh i s said to 
a t t a in an age of 1 year, in t h i s manner/ the age of 
the f ish could be in te rp re ted on the bas is of the nximber 
of annuli observed on the scale of the f i sh . 
Length frequency method; 
This method i s based on the expectancy tha t 
frequency analysis of the indiv iduals of a species of any 
one age group col lec ted on the sanne date wil l show var ia-
t ions in the mean length according to normal d i s t r ibu t ion 
(Laglar, 1956) . The age was determined by the length 
frequency d i s t r ibu t ion as was proposed by Qayyum & Qasim 
(1964). 
Length (cms) 
1-10 
11-14 
15-17 
18-19 
20-21 
22-22.5 
23-30 
Age (Years) 
0+ 
1-^ 
2+ 
3-^ 
4+ 
5+ 
6-^  
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CDllection of blood: 
T'he f i shes were f i r s t p i thed in order to make then 
senseless . 
Various methods haVe been employed by d i f ferent 
workers in order to obtain blood of f i shes . Qadri (1955) 
obtained blood d i r ec t l y from the hear t while Baker (195o) 
col lec ted blood from the g i l l arches. Bedcer (1967), 
Misra e t a l . (197 3) and Tandon & josh i (197 3) withdrew 
blood from the caudal vein. Daly & De Giusti (1971) 
co l lec ted blood from the ventral aorta whereas Mandal(1979) 
and Narasirnhgrnurti & Saratchandra (1980) withdrew blood 
from the branchial a r te ry . 
For the present s tudies , blood was obtained from 
the Caudal peduncle of the f ish v/hich was wiped free of 
water and mucous with a clean towel and severed by means 
of a sharp scalpel which was cleaned between operat ions 
in order to avoid contamination. 
The blood of some leeches was also inves t iga ted 
for the presence of developmental forms of the p a r a s i t e , 
in t h i s Case, the sucked blood was extracted from the 
an te r io r sucker by press ing the leech from the p o s t e r i o r 
to the anter ior end t i l l blood escaped from the an te r io r 
sucker. 
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Preparation of blood f i lms: 
in order to achieve good r e s u l t s , i t i s essen t ia l 
to have scrupulously clean s l i de s . For t h i s purpose, new 
unscratched s l ides were f i r s t washed in tap water, then 
r insed in d i s t i l l e d water and wiped with cotton immersed 
in absolute alcohol to ronove a l l t races of o i l . F ina l ly 
they were wiped dry with a soft muslin cloth. s l ides 
were held by t h e i r narrow edges and care was taken tha t 
surface of the s l ides were not tduched. TO acquire 
uniform fi lms, i t was made sure tha t the s l ides used for 
making the film had a smooth edge. The edge of t h i s 
s l i d e was a ls* cleaned and wiped with absolute alcohol 
before each film was made. 
The films were prepared from a small drop of uncon-
taminated blood streaked on a clean s l ide . The s l i de was 
a i r -d r i ed by rapidly waving i t in the a i r , numbered and 
fixed in absolute alcohol for two minutes. At l e a s t 
four films of each f i sh were made. 
s ta in ing : 
The blood fi lms were s tained with Leishman, Giansa 
and Wright's s t r a in . The f i r s t two gave good r e s u l t s and 
were therefore adopted. 
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Leishman's s ta in was prepared by t rans fe r r ing the 
dry powder provided in the packet d i r ec t l y in to the 
b o t t l e containing 250 ml o£ methyl alcohol. l!he b o t t l e 
was kept in a dark p lace at room tonperature and shaiken 
at i n t e rva l s during 48 hours. After six months new 
s ta in was prepared. 
Ihe s l ides were preferably stained as soon as 
poss ib le but always within 24 hours af ter making the films 
as quick s ta ining gave best r e s u l t s . Ihe a i r -d r i ed and 
fixed blood films were placed on a s ta ining rack^ covered 
with s ta in and a f te r 2-3 minutes buffer solut ion was 
added in the ra t io of 1:7. Buffer solution was prepared 
according to Hale (1965). The two solut ions were mixed 
uniformly by means of a soft brush and the s l i des were 
allowed to s ta in for 40-5o minutes. Thereafter, they 
were washed in tap water and f i n a l l y in d i s t i l l e d water to 
remove excess s ta in , drained and allowed to stand on end 
to dry at room temperature. Each film was observed for 
a t l e a s t 20 minutes under an o i l immersion objec t ive . 
Diagrams; 
The f igures of a l l the trypanosomes were drawn with 
the aid of Camera lucida, o thers are a l l f ree hand drawings. 
Measuronents; 
A scale was prepared with the help of a Camera 
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luc ida according to the stage micrometer and was 
accurately ca l ibra ted . A divider having a short length 
was used to measure the p a r a s i t e and the corresponding 
measurements were infer red from the scale prepared. ^ 1 
measurements are in microns unless otherwise s ta ted . The 
nuclear index was calcula ted according to Daly & De&iusti 
(1971). 
Type mater ia l ; 
The type mater ial has been l abe l l ed and deposited 
with the Zoology Department of Aligarh Muslim university^ 
Migarh . 
Methods for Haematological s tud ies : 
Blood smears were prepared following the procedure 
as given e a r l i e r in t h i s chapter. Leishman, Giemsa and 
Wright 's s ta in were used for studying di f ferent blood 
c e l l s . some v i t a l observations to supplement those of 
f ixed preparat ions were also made using b r i l l i a n t cresyl 
blue s ta in . The to t a l blood counts were made with the 
help of Neubauer's improved double counting s l ide and 
haonocytometer. Different ia l blood ce l l count and morpho-
log ica l s tudies of blood c e l l s were made from the freshly 
prepared and d i f fe ren t ly s tained blood smears. Blood 
p i c t u r e s of healthy and infected f ishes of the sane sex 
and approximately of the ssme s ize were compared for 
d i f f e ren t physiopathological observations. 
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Methods for biocbemical s tud ies : 
For the biochenical study of blood, aquaria 
maintained f ishes were sacr i f iced by severing t h e i r caudal 
peduncle and the blood was col lec ted in small tubes con-
ta in ing dried double oxala te as the anticoagulant, j u s t 
a f te r blood co l lec t ion , 1 ml of blood was taken in a 
separate tube and pro te in free f i l t r a t e of the blood was 
prepared by adding 10% sodium tungs ta te and ^ 3 N sulphuric 
acid for glucose determination. TO obtain pla-sma for the 
estimation of other che:nical cons t i tuents , blood was 
centrifuged at 35oo RPM for 20 minutes. The plasma was 
kept under frozen condition and a l l analyses were completed 
within two days. Care was taken tha t the analysis of blood 
of healthy and infec ted f ish was of the Scme s i ze range 
to avoid any changes in biochemical cons t i tuents due to 
the effect of age. AH the observations were made during 
the months of November and Deceiriber when the incidence of 
infect ion was high. 
The following standard methods were adopted for the 
estimation of various parameters. 
1. prote in ; 
protein was estimated following the method of 
Reinhold (1950) as given by oser (1965). The values are 
expressed in gm/100 ml of blood. 
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2, Cholesterol t 
The method of Rosenthal et al« (I960) was followed 
for the quidk estimation of t o t a l cholesterol of blood. 
The Values are expressed in mg/lOO ml of blood. 
3« Glucose: 
Glucose estimation was made following the method 
of Nelson & somogyi (1944/ '45) as given by oser (1965), 
The Values are expressed in mg/lOO ml of blood. 
4. Alkaline and acid phosphatase; 
The ac t i v i t y of these two enzymes were assayed 
following the method of pisk & subba Row (1925). The 
Values are expressed in K»A»units of blood. 
publ ica t ions ; 
some Papers based on the present s tudies have 
already been published or sent for publ icat ion for the 
Sake of p r i o r i t y with the permission of the au thor i t i e s 
concerned. 
TAXONOMY OF TRYPANOSOMES 
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The trypanosomes of fislnes usual ly have long and 
narrow f la t tened bodies and are ac t ive l i t t l e c rea tu res . 
When observed a l ive , they wriggle about in a pecu l i a r snake 
or worm-like manner frequently r o l l i n g themselves up only 
to extend again. 
out of the f i f teen species of f i shes t ha t were 
examined in the present work/ s ix were found to harbour new 
species of trypanosomes, while two contained already known 
species and the remaining species of f ishes were found free 
from infec t ion , in the following, descr ip t ions of the new 
species, and redescr ip t ions of the old ones together with 
other re levant data have been provided. 
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TRYPANOSOMA ALIGARICUS N.SP . 
( F i g . 1) 
T h i s s p e c i e s of t r ypanosome was c o l l e c t e d from t h e 
b l o o d of Cihanna p u n c t a t u s (Bloch) . 142 spec imens of t h e 
f i s h were examined. 
F r e s h l y p r e p a r e d b l o o d f i l m s showed t h e p r e s e n c e of 
two forms of t r y p a n o s o m e s - s m a l l and t h e l a r g e f o r m s . They 
made slov/, w r i g g l i n g movements , t h e s m a l l forms b e i n g m o r e -
m o t i l e t h a n t h e l a r g e o n e s . Eve ry b l o o d f i l m i n which t h e 
i n f e c t i o n was d e t e c t e d r e v e a l e d b o t h t h e f o r m s . The l a r g e r 
forms were , however , more a b u n d a n t . 
I n c i d e n c e : 
' o n l y 9 f i s h e s o u t of 142 t h a t were examined showed t h e 
p r e s e n c e of t h e t r y p a n o s o m e s , t h e i n c i d e n c e of i n f e c t i o n 
t h e r e f o r e b e i n g 5 ,33%. 
Morphology; 
The p r e s e n t £oTm i s d i m o r p h i c , e x i s t i n g a s s m a l l and 
l a r g e fo rms . 
s h a p e ; The body i s e l o n g a t e d and s i n u o u s and u s u a l l y h a v i n g 
a c o n f i g u r a t i o n of ' C , somet imes an e l o n g a t e d ' S ' o r r a r e l y 
a l m o s t a s t r a i g h t l i n e . The e x t r e m i t i e s of t h e body a r e 
a t t e n u a t e d and p o i n t e d , t h e a n t e r i o r end b e i n g more a c u t e , 
t h e p o s t e r i o r l e s s s o . The a n t e r i o r end merges i m p e r c e p t a b l y 
i n t o t h e f r e e f l a g e l l u m and t h i s f e a t u r e i s more marked i n 
t h e s m a l l e r forms where i t somet imes becomes d i f f i c u l t t o 
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observe the or ig in of the free flagellum. The pos te r io r 
end in both the cases has a more or l e s s rounded extremity. 
Cytoplasm: The cytoplasm i s granular in nature and s t a ins 
l i g h t l y . In the smaller forms, the granules are more 
concentrated in the an te r io r region of the body, commencing 
from j u s t the anter ior t i p of the nucleus to approximately 
half the dis tance from t h e i r commencenent to the or ig in of 
the flagellum. In the l a rger forms, the granules are found 
both above and below the nucleus. 
Nucleus: The nucleus i s oval/ oblong or bean-shaped (due to 
the curvature of the body usually) ; i t s long axis p a r a l l e l to 
the long axis of the body, in both the forms, i t l i e s ante-
r i o r to the middle of the ce l l body. In smaller forms/ i t 
takes a very deep pink s t a in due to the densely packed 
chromatin granules and the karyosome i s not d i f f e ren t i a t ed . 
The l a rge r forms take a l i g h t pink s ta in , the chromatin gra-
nules are not go densely packed as in the smaller forms and 
in some cases, a bean-shaped, darkly s ta ined karyosome i s 
observed on one side of the nucleus (Fig, 1/C). A s ingle 
small vacuole i s more apparent in the smaller forms in one 
s ide of the nucleus. Karyosome i s not observed, 
Kinetoplas t ; The k ine top las t i s more prominent and well 
developed in the smaller than the l a rger forms and takes a 
deeper s ta in in both the forms. I t i s observed tha t with 
the increase in s ize of the pa ra s i t e / there i s a decrease in 
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s ize of the k ine top las t . The shape may be conical (Fig.l^A)/ 
oval (Fig. 1/B) or spherical (Fig, 1# C). In smaller forms/ 
i t l i e s nearer to the pos te r io r extremity than in the large 
forms. In no specimen was the dLvision of the k ine top las t 
Observed. 
Blepharoplast: The blepharoplast appears to be lacking in 
these Pa ras i t e s as i t i s not observed in any of the specimens, 
l^parent ly , the axoneme a r i ses d i r e c t l y from the k ine top las t , 
Flaqellum: The free flagellum i s well-developed in the 
smaller forms being 1/3 of the t o t a l body length. In the 
l a rge r forms, i t i s approximately only 1/6,3 of the t o t a l 
body length. In both the cases, i t o r ig ina tes from the k ine-
top las t , runs an te r io r ly bordering the undulating manbrane 
as a prominent dark l i n e and f i n a l l y extending beyond the 
body as a free flagellvim. 
Undulating membranet The undulating membrane i s conspicuous 
and takes a l i g h t s t a in , i t extends throughout the length 
of the body. In the small forms i t has about 5 folds , whereas 
in the la rge forms i t has S-10 fo lds . The width of the undu-
l a t i n g membrane i s grea ter in the l a t t e r case than in the 
former, thereby showing an increase in the number as well as 
width of the folds with the increase in s ize of the p a r a s i t e , 
in both cases, the folds are of almost equal length, but in 
some 1 or 2 longer folds may be evident spec ia l ly in the 
small forms. 
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Nuclear index; The nuclear index ranges from 0,92 to 1,36, 
Measurements: 
The measurements of the various regions of the small 
and large forms are presented in Table I . The var ia t ion in 
the s ize suggests t h a t the trypanosomes can safely be grouped 
in to two morphological types - the small and the la rge fprms 
thereby proving i t s dimorphic na ture . 
Host : channa punctatus (Bloch) 
Local i ty : C, D, F Sc local f ish market. 
Discussion: 
The freshwater f i shes belonging to the family 
Ophicephalidae seem to be favoured hosts of trypanosomes, 
Ophicephalus (= Channa) s t r i a t u s / O.punctatus/ O, maculatus, 
0» obscurus and o, gachua can be c i ted as su i t ab le hos ts of 
t h i s Pa ra s i t e , Trypanosoma ophicephall Pearse, 19 33 and 
T, s t r i a t i Qadri, 1955 from o. s t r i a t u s ; T. puncta t i Hasan & 
Qaslm^ 1962/ T, elongatus Raychaudhuri & Misra* 1973 and 
T. channai Narasimhamurti & Saratchandra, 1980 from c p u n o t a t u s ; 
and T. gachuii Misra et a l . , 1973 from o. gachua are reported 
so far from Ophicephalid f ishes (Table l l ) . 
Trypanosoma ophlcephalic T, puncta t i and T, elongatus 
are monomorphic forms, a fea ture which d i f f e r en t i a t e s the 
present form from them due to i t s dimorphic na ture . 
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Recently, Nar^simhamurti & Saratchandra (1980) have reported 
3!* channai» a polymorphic species from the same host , oom-
parisons between the two species show t h a t apart from the 
dimorphic nature , the present species has l e s s e r nuclear 
dimensions and the k ine top las t i s l a rge r in s i ze than in 
T« channai* The present species also d i f fe r s from T. s t r i a t i 
which i s a polymorphic species . 
The new species i s closely r e l a t ed to T. gachuii in 
the t o t a l body length, but has narrower body width. The 
nucleus of the present species i s oval in shape and has a 
longer length but narrower width than tha t of T« gachuii 
which has almost a rounded nucleus having a shor ter length 
and a greater width. The pos t -k ine top las t region i s l e s se r 
in the present species . Moreover, t h i s dis tance i s equal 
in both forms of T. gachuii whereas i t i s more than double 
in the large form than the smaller form of the present 
species (Table I I ) . 
The foregoing discussion shows t h a t the present species 
i s a new one. I t i s therefore proposed to name the trypano-
some from the freshwater murrel, Channa punctatus (Bloch) 
Q'^  Trypanosoma a l igar icus n . sp . with the spec i f ic characters 
as described in t h i s account. 
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TABLE - I 
MEASUREMENTS OF SMALL AND LARGE FORMS OF TRYPANOSOMA ALIGARIOJS 
N.SP . (IN MICRONS) 
component p a r t s 
of t h e p a r a s i t e s n a i l form L a r g e form 
T o t a l l e n g t h of t h e 
P a r a s i t e i n c l u d i n g f r e e 
f l a g e l l u m 
Length of t h e c e l l body-
Bread th of c e l l body 
Leng th of f r e e f l a g e l l \ i m 
Leng th of n u c l e u s 
B r e a d t h of n u c l e u s 
A n t e r i o r m a r g i n of n u c l e u s 
t o a n t e r i o r end of body 
P o s t e r i o r m a r g i n of 
n u c l e u s t o k i n e t o p l a s t 
Leng th of k i n e t o p l a s t 
B r e a d t h of k i n e t o p l a s t 
D i s t a n c e from k i n e t o p l a s t 
t o p o s t e r i o r t i p 
w id th of u n d u l a t i n g 
membrane 
N u c l e a r i n d e x 
34.37 
;34,25-35.5) 
23.50 
123.01-25.0) 
1.65 
1.5 - 1 . 8 ) 
10.87 
[10.25-13.52) 
3.00 
2 .5 -3 .5 ) 
1.12 
1.0-1.2 ) 
9.92 
9.0-10.8) 
10.37 
8.7 -12.0) 
1.05 
0.5-1.6 ) 
0.45 
0 . 4 - 0 . 5 ) 
0.15 
0.0-0.3 ) 
0.87 
0.7-1.0 ) 
1.14 
0.92-1.28) 
53.68 
;53.25-55.3) 
46.18 
[44.9 5-46.8) 
2.45 
2.1-2.6 ) 
8,50 
7.82-9.42) 
3.73 
3 .6 -3 .8 ) 
2.00 
1.8-2.2 ) 
18,56 
[16.6 -20.2) 
21.98 
[21.0 -23.7) 
0.51 
0.4 -0 .6 ) 
0.25 
0.2 - 0 . 3 ) 
0.38 
0.2 -0.6) 
1.43 
1.2 - 1 . 8 ) 
1.21 
0.94-1.36) 
Figures in parenthes is give the ranges. 
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Trypanosoma a l i g a r i g u s n . s p . 
A & B -• 3^al l forms 
C - Large form 
F I G l 
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TRYPJU^OSOMA TRICHOGASTERI N.SP . 
( p i g . 2) 
The b l o o d of T r i c b o g a s t e r f a s c l a t a (Bloch & s c h n . ) 
r e v e a l e d t h e p r e s e n c e of t h i s p a r a s i t e . 148 f i s h e s b e l o n g i n g 
t o t h i s s p e c i e s were examined* 
when a l i v e , t h e t r y p a n o s o m e s showed a r a p i d w r i g g l i n g 
movement p e c u l i a r l y s n a i k e - l i k e i n f a s h i o n . 
i n c i d e n c e ; iUhe i n c i d e n c e of i n f e c t i o n i s 15 .54% as 23 of 
t h e examined f i s h e s showed t h e p r e s e n c e of t h i s p a r a s i t e . 
Morphology: 
TWO d i s t i n c t forms were found, one form c o m p l e t e l y 
l a c k e d a f r e e f l a g e l l u m , t h e l e n g t h of t h e c e l l body was 
1 4 , 2 5 n m ( 1 3 . 5 o - l 5 , 25 Aim) ; t h e o t h e r form was l o n g e r , t h e 
l e n g t h of t h e c e l l body b e i n g 26.24Aim ( 2 4 . 0 5 - 2 7 . 4 0 nm) and 
p o s s e s s e d a w e l l - d e v e l o p e d f l ageHim, 1 2 . 0 3 jum ( 1 1 . 5 0 - 1 2 . 9 5 jum) 
l o n g , t h e r e b y making t h e t o t a l body l e n g t h 38 .25 Jum ( 3 7 . 0 0 -
38 .75 Aim). The fo rmer a p p e a r s t o b e t h e d e v e l o p m e n t a l 
s t a g e and t h e l a t t e r , t h e a d u l t s t a g e of t h e same t r y p a n o s o m e . 
Deve lopmen ta l form ( F i g . 2,AI&B) i 
These forms w e r e o b s e r v e d o n l y i n one of t h e i n f e c t e d 
f i s h e s . However/ t h e y were v e r y a b u n d a n t and a s many as 
3 - 4 forms c o u l d be s e e n i n one f i e l d . 
sin a p e : These forms a r e m a i n l y 'C* shaped , some a r e e l o n g a t e d 
and a few h a v e t h e c o n f i g u r a t i o n of l e t t e r ' S ' . Tbe a n t e r i o r 
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end of the body i s at tenuated and pointed, the pos t e r io r 
end i s more or l e s s rounded and terminates abruptly. 
cytoplasm: The cytoplasm s t a ins very l i g h t l y and i s f ine ly 
granular containing a number of small vacuoles. 
Nucleus; The nucleus i s oblong or bean-shaped, i t takes 
a dark pink s t a i n . I t s long axis l i e s p a r a l l e l to the long 
axis of the body. Sometimes i t almost covers the e n t i r e 
width of the body, A s ingle , l a rge vacuole i s seen in most 
cases on one side of the nucleus, Karyosome i s not observed, 
Kinetoplas t : The k ine top las t takes a very deep s ta in 
appearing dark purple in colour and i s spherical or oval in 
shape. I t i s a very well developed s t ruc tu re , in some cases, 
a Pa r t of i t may pro jec t from beyond the body (Fig. 2, A) • I t 
i s s i tua ted s l i g h t l y away from the pos t e r io r extremity of 
the body. 
Blepharoplast; The blepharoplast i s not observed in any of 
the specimens, Apparently, the axoneme a r i ses d i r e c t l y from 
the k ine top las t , 
Flagellum: The flagelltJm o r ig ina tes from the k ine top las t , 
runs an te r io r ly bordering the narrow undulating membrane 
but does not ex i s t beyond the an te r io r end of the ce l l body 
as a free flagellum. 
undulating membrane; The undulating membrane i s narrow and 
poorly developed with only 2-4 fo lds . I t takes a l i g h t s t a i n . 
3^ t) 
Nuclear indent The nuclear index ranges from 0,56 to 1.01. 
Adult form (Fig. 2, c&D) : 
The adult forms exhibi t uniformity in t h e i r s ize 
suggesting monomorphism. They are qu i te abundant in the 
blood of infected f i shes and as many as 3 p a r a s i t e s could 
be observed in one f i e ld , 
Shapet The trypanosome i s elongated, sinuous/ at tenuated 
at both the ends more so a t the an te r io r end. They have a 
configuration of the l e t t e r ' s ' , or 'C ' or are elongated 
in shape. 
cytoplasm} The cytoplasm i s f ine ly granular and takes a 
l i g h t s t a in . The granules are more concentrated in the 
anter ior region of the body. Stray vacuoles are observed in 
cer ta in specimens. 
Nucleus; Dark pink s tained nucleus occupies the major por t ion 
of the body width and i s generally ovoidal or bean-shaped. 
I t i s s i tua ted s l i g h t l y behind the middle of the body. Ei ther 
a s ingle vacuole (at one end) or two vacuoles (one a t both 
the ends) are observed in a l l nuclei (Fig. 2, cScD). cihromatin 
granules are densely packed, Karyosome i s not observed. 
Kinetoplast ; A well-developed k ine top las t i s observed in 
a l l trypanosomes appearing deep purple in colour. I t i s 
spherical / oval or even conical in shape. In some cases, a 
p a r t of i t i s seen pro jec t ing from one side of the body. 
3G 
I t i s s i tua ted s l i g h t l y in f ront of the pos t e r io r end of 
the body. in one case, the o r ig ina t ing flagelliim i s seen to 
a r i s e c lea r ly from the k ine top las t (Fig. 2,D). 
Elepharoplast: The blepharoplast i s not observed in any of 
the trypanosomes. The axonene apparently a r i ses d i r e c t l y 
from the k ine top las t . 
Flagellum: The flagellum i s long and very well-developed 
being more than 1/3 of the t o t a l body length. i t o r ig ina tes 
from the k ine toplas t , runs an te r io r ly bordering the undulating 
membrane and f i na l l y extends beyond the body as a f ree 
flagellum. 
undulating membrane; The undulating m^nbrane i s conspicuous 
with 5-6 fo lds . i t s t a ins l i g h t l y and i s bordered by the 
strong flagellum. 
NUclear index; The nuclear index ranges from 0,82 to 1.15. 
Measurements; 
The measurements of the various p a r t s of the develop-
mental and adult forms are presented in Table I I I . The 
uniformity in shape and s ize of the trypanosome confirms 
t h a t i t i s a monomorphic species . 
Host : Trichogaster f a sc i a t a (Bloch & schn.) 
Local i ty : A» B, E & F. 
Discussion: 
Monomorphic trypanosomes were reported by Pearse (1933), 
Hasan & Qasim (1962), Qadri (1962a), Raychaudhuri & Misra 
37 
(1973), MQndal (1975, '77, '783 & '79) and Joshi (1978a). 
The present species comes c loses t to T. pancali Mandal, 1975 
from an eel , Mastacembelus pancalus* I t resoDbles T«pancali 
in t o t a l body length, length of the ce l l body, dimensions 
of the nucleus and diameter of the k ine top las t . However, 
i t d i f fers from the above species in having a narrower body 
and a shor ter free flagellum. The hosts of the two species 
are also not r e la ted . Though both belong to S i l u r i , but 
Mastacembelus pancalus belongs to Mastacanbeliformes whereas 
Trichogaster f a sc ia ta to Perciformes. 
This i s the f i r s t record of trypanosomes from the 
blood of Trichogaster fasciata* Talcing the above fac t s in to 
account i t i s considered to be a new species . The name 
Trypanosoma t r i chogas t e r i n . sp . has been proposed for i t 
a f te r the generic name of the host . Table IV gives in d e t a i l 
the differences of the new species with other c losely r e l a t ed 
species of monomorphic trypanosomes. 
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TABLE - I I I 
MEASUREMENTS OF THE DEVELOPMENTAL AND ADULT FORMS OF 
TRYPANOSOMA TRICHOGASTERI N. S P . ( IN MICRONS) 
ODmponent p a r t s 
o f t h e p a r a s i t e 
D e v e l o p m e n t a l 
f o r m A d u l t f o r m 
T o t a l l e n g t h o f p a r a s i t e 
i n c l u d i n g f r e e f l a g e l l u m 
L e n g t h o f c e l l b o d y 
1 4 , 2 5 
; i 3 . 5 0 - 1 5 . 25; 
1 4 . 2 5 
[ 1 3 . 5 0 - 1 5 . 2 5 ; 
38.25 
;37.00-38. 75) 
26.24 
[24.05-27.40) 
B r e a d t h of c e l l body 
Leng th of f r e e f l a g e l l u m 
Length of n u c l e u s 
B r e a d t h of n u c l e u s 
A n t e r i o r m a r g i n of n u c l e u s 
t o a n t e r i o r end of body 
p o s t e r i o r m a r g i n of 
n u c l e u s t o k i n e t o p l a s t 
Length of k i n e t o p l a s t 
B r e a d t h of k i n e t o p l a s t 
D i s t a n c e from k i n e t o p l a s t 
t o p o s t e r i o r t i p 
Width of u n d u l a t i n g 
menbrane 
N u c l e a r i n d e x 
1 .38 
1 . 2 0 - 1 . 5 5 
b s e n t 
2 . 9 8 
2 . 4 0 - 3 . 5 0 
1 .11 
0 . 8 5 - 1 , 3 0 
6 . 2 3 
5 . 0 0 - 6 . 9 0 
4 .19 
3 , 2 0 - 5 . 5 0 
0 . 5 6 
0 . 4 5 - 0 . 7 5 
0 . 7 5 
0 . 6 0 - 1 , 1 0 
0.46 
0.00-0.75 
0 . 5 6 
0 . 5 0 - 0 . 6 5 
0 . 8 7 
0 . 5 6 - 1 , 0 1 
1.-33 
1 , 2 5 - 1 , 4 0 ) 
1 2 , 0 3 
( 1 1 . 5 0 - 1 2 . 9 5 ) 
3 ,10 
3 . 00- 3 , ?.5 ) 
1 ,05 
1 . 0 0 - 1 , 1 5 ) 
1 2 , 1 1 
9 , 0 0 - 1 3 . 2 5 ) 
9 . 2 5 
8 . 5 0 - 1 0 . 5 0 ) 
1 .03 
0 . 7 0 - 1 . 2 5 ) 
0 . 7 8 
0 , 6 0 - 1 . 0 0 ) 
0 . 7 2 
0 . 6 0 - 1 . 0 0 ) 
0.72 
0.65-0.So ) 
0 . 9 1 
0 . 8 2 - 1 , 1 5 ) 
F i g u r e s i n p a r e n t h e s i s g i v e t h e r a n g e s . 
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Fig . 2 
Tryp anosoma t r l c h o g a s t e r i n. sp. 
A & B - Developmental forms 
C & D - Adult forms 
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B 
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TRYPANOSOMA SIDDIQII N .SP . 
( F i g . 3) 
I t ie s i l u r o i d f i s h w a l l ago a t t u (Bloch & Schn. ) upon 
e x a m i n a t i o n of t h e b l o o d f i l m s r e v e a l e d t h e p r e s e n c e of a 
new s p e c i e s of t rypanosome* T» s i d d i q i i n ^ s p . 
The l a r g e - s i z e d - f i s h e s m e a s u r i n g from 26 t o 35 a n s . 
we re i n f e c t e d , t h e s m a l l e r ones (15-25 cms) were f r e e from 
i n f e c t i o n , About 1 5 - 2 4 t r y p a n o s o m e s c o u l d be o b s e r v e d i n a 
s i n g l e b l o o d f i l m . These e x i s t i n t h r e e d i s t i n c t f o r m s : 
t h e s m a l l , i n t e r m e d i a t e and t h e l a r g e f o r m s . A l l forms c o u l d 
be s een i n a s i n g l e f i l m b u t t h e i n t e r m e d i a t e forms were more 
p r e v a l e n t . A few forms u n d e r g o i n g d i v i s i o n were a l s o o b s e r v e d . 
i n c i d e n c e : 115 h o s t spec imens w e r e examined o u t of which 
24 showed i n f e c t i o n , t h e i n c i d e n c e of i n f e c t i o n t h e r e f o r e 
b e i n g 20. 86%. 
Morphology; 
Shape: Sinuous and elongated body, generally 'C • or ' s ' 
shaped with at tenuated and pointed ex t re r i i t i es , the an te r io r 
end being more acute, the pos t e r i o r broader and l e s s so 
with a more or l ess rounded extremity. 
Cytoplasm: Granular cytoplasm shows an increase in the 
number of granules with the increase in s i ze of the f l a g e l l a t e . 
Few granules are present in the an te r io r half of the body, 
in the smaller forms which increase in concentration in the 
intertnediate form and in the l a rge r forms they are present 
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anter ior as well as pos t e r io r to the nucleus. Stray vacuoles 
are found sca t te red in a l l the three forms. 
Nucleus: The nucleus i s s i tua ted in the p o s t e r i o r half 
of body. Oval or reniform in shape, i t i s a very well 
developed s t ruc tu re occupying major port ion of the body 
width, i t s long axis lying p a r a l l e l to the long axis of the 
body. I t i s most darkly s tained in the smallest forms 
where the chromatin granules are very densely packed together . 
The granules decrease in nvimber but theyincrease in s ize 
with the increase in s i ze of the trypanosome. The karyosome 
i s not observed in any of the specimens. 
Kinetoplast ; Oval or rounded k ine top las t takes a very deep 
s ta in with Gi^msa as well as Lei-shman and var ies in s ize 
according to the s ize of the p a r a s i t e . The well developed 
k ine top las t in some cases p ro jec t s beyond one side of the 
body (Fig. 3, c & D)» I t i s s i tua ted s l i g h t l y in f ront of 
the pos t e r io r extremity. Karyosome i s absent. 
Blepharoplast; Blepharoplast i s absent, ^ p a r e n t l y , the 
axoneme ar i ses d i r e c t l y from the k ine top las t . 
Flagellum; The flagelliom or ig ina tes from the k ine top las t , 
runs an te r io r ly bordering the undulating manbrane and f i n a l l y 
extending beyond the body as a f ree flagell-um. Ihe f ree 
flagellum i s very well developed in the l a r g e s t form where 
i t i s 1/2.5 of the t o t a l body length. 
Undulating monnbrane: Light ly s tained undulating mofnbrane 
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has 3 to 6 folds and increases in width with the increase 
in s ize of the p a r a s i t e . I t i s attached to the ce l l body 
at 3 to 5 p laces . 
Nuclear index: The nuclear index ranges from 0.65 to 0.85. 
Dividing form: The dividing form apparently shows a very 
ear ly stage of d iv i s ion . Two nuclei are observed (Fig. 3^B) 
the k ine top las t i s undivided with a s ingle flagellum which 
i s qui te short being 3.5 w in length. Dividing forms have 
also been reported by Qadri (J.962a) and Raychaudhuri & Misra 
(1973). 
Measurements: The average dimensions of the three forms 
along with t h e i r ranges are given in Table V. The var ia -
t ions in the t o t a l length and the component p a r t s of the 
p a r a s i t e reveals the polymorphic nature of the present 
trypanosome. 
Host : Wall ago at tu (Bloch & Schn.) 
Local i ty : C, D and E & local fish market. 
Discussion; 
Joshi (l979a) reported the occurrence of a meagre 3% 
in fec t ion of trypanosomes from the blood of Wall ago a t tu , 
but he fa i l ed to provide any descr ipt ion, measurements or 
i l l u s t r a t i o n s of these trypanosomes which are being provided 
for the f i r s t time in the present work. 
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The polymorpl:iic nature of the present species se ts 
i t apart from the various monomorphic and dimorpt)ic 
trypanosomes reported so far from India and abroad, 
polymorphic forms of Trypanosoma h e p t a t r e t i , T» gargentua 
and T. caulopset ta l were reported by Laird (1948/ '59) from 
the f ishes of New Zealand. "The form under study not only 
d i f fe r s from the above mentioned forms in t h e i r geographi-
cal d i s t r ibu t ion and physiological adaptations/ but also 
shows s ign i f ican t (P < 0.01) s t a t i s t i c a l differences. Qadri 
(1955) described T, s t r i a t i from pphicephalus s t r i a tus* 
The present form resembles T. s t r i a t i in the s h ^ e and 
granulat ion of the nucleus. In both the species there i s 
an increase in the s ize of the k ine top la s t with the increase 
in s ize of the p a r a s i t e . However/ there are some s t r i k i n g 
differences between the two species. The t o t a l lengths of 
the two species are qui te var iable/ the present species 
being much smaller in s ize where the l a rges t form has almost 
s imi la r t o t a l length as the smallest form of T. s t r i a t i . 
Qadri has remarked t h a t the cytoplasm in the smaller form 
i s usual ly densely granular with very few vacuoles/ but in 
the l a rge r forms i t i s l e s s granular and contains many 
Vacuoles, AS mentioned e a r l i e r , in the present species, 
the granules increase in n\amber and concentration with the 
increase in s ize of the p a r a s i t e and the vacuoles are not 
d i f f e ren t i a t ed according to t h e i r s i ze . The nucleus in 
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T, s t r i a t l l i e s in the an te r io r half of the body but in 
the present species i t i s usual ly located in the pos t e r io r 
half . Again^ contrary to T, s t r i a t i in which Qadri has 
mentioned longer free flagellum in small and intermediate 
foxms/ the present species has i t most markedly developed 
in the l a rges t form. Furthermore, the l a r g e s t form of 
T. s t r i a t i i s also the broadest but in the presen t species 
the la rge form i s never broader than the intermediate form. 
Joshi (1976) reported polymorphism in T. mr iga l i . The species 
under study d i f fe rs from the aforementioned trypanosome in 
the shape and s ize of the body, r e l a t i v e measuranents of the 
body components of the three forms and the lengths of the 
free flagellum. Recently, Narasimhemurti & Saratchandra(1980) 
have reported polymorphic nature of T, channai from (3ianna 
punctatus» jk comparison of the two species shows tha t they 
are t o t a l l y d i ss imi la r in nature - differences ex i s t in the 
s i ze of the p a r a s i t e , f l a g e l l a r length, and nuclear length 
and width. Moreover, the hosts of a l l the polymorphic trypano-
somes reported so fa r are d i f ferent , t h i s being the f i r s t 
attempt to describe a trypanosome from the freshwater f i sh . 
Wall ago a t tu . Taking a l l the foregoing fac t s in to account, 
the trypanosome under discussion has been assigned to a new 
species and i s named Trypanosoma s idd iq i i n . sp . in honour of 
Prof. Ather H. s idd iq i . Professor-in-charge of the Section of 
Parasi tology of the Department of zoology, Aligarh Muslim 
Universi ty, Aligarh. 
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TABLE - V 
MEASUREMENTS OF VARIOUS BODY PARTS OF THE THREE FORMS 
OF TRYPANOSOMA SIDDIQI I N. SP. ( IN MICRONS) . 
Component pa r t s 
Total length of p a r a s i t e 
including free flagellum ( 
Length of ce l l body 
Breadth of ce l l body 
Length of f ree flagellxom 
Length of nucleus 
Breadth of nucleus 
APterior margin of nucleus 
to an te r io r end of body ( 
pos te r io r margin o£ nucle-
us to k ine top las t ( 
Length of k ine top las t 
Breadth of k ine top las t 
Kinetoplast to pos t e r io r 
t i p \ 
width of undulating 
monbrane i 
Nuclear index 
Small 
21.1 
18.0-23.2) 
15,0 
.14,2-17,1) 
1.2 
[ 1.0-1.3 ) 
6.1 
: 5 .7-7.1 ) 
1.4 
, 1.0-1.6 ) 
0 . 8 
0.6-0.9 ) 
7 . 6 
' 6 ,2-8.4 ) 
5 . 0 
3,9-6.3 ) 
0.5 
0.4-0.6 ) 
0.6 
0.5-0.7 ) 
0.5 
0.4-0,6 ) 
1.0 
0.9-1.2 ) 
0.80 
0.78-0.84) 
In t e r -
mediate 
32.6 
(30.2-36.5) 
20.5 
(19.0-25.2) 
1.5 
( 1.3-1.6 ) 
12.1 
(10.3-14,8) 
2,8 
( 2,5-3,7) 
1 .3 
( 1.2-1.4 ) 
10.1 
( 8.3-11.2) 
5 . 5 
( 4,5-7.0 ) 
1.3 ( 0 .9-1,6 ) 
1.1 
( 0 ,6-1 ,2 ) 
0.8 
( 0 .7-1,0 ) 
1'.4 ( 1.0-1.5 ) 
0.78 
(0,69-0,85) 
Large 
43.3 (41.7-44.8) 
28.1 
(27.5-29.6) 
1.4 ( 1. 3—1,6 ) 
15.2 
(14.1-16.3) 
3.4 ( 3.2-4,2 ) 
1.3 
( 1.2-1,4 ) 
15,0 
(12,7-16,4) 
7 . 2 
( 7.0-7.9 ) 
1.4 
( 1.3-2,0 ) 
1.0 
( 0 .7-1.3 ) 
1.0 
( 0.8-1.2 ) 
1'.5 
( 1.4-1,7 ) 
0,68 
(0.65-0.78) 
Figures in parenthesis give the ranges. 
Fig. 3 
Trypanosoma s idd lq i i n . sp . 
A 
B 
C & D 
E & F 
mm 
-
-
— 
snai l form 
Dividing form 
intermediate forms 
Large forms 
10 Aim 
FIG. 3 
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TRYPANOSOMA TRIFORMIS N. SP. 
( F i g . 4) 
The h o s t of t h i s s p e c i e s of t rypanosome i s 
H e t e r o p n e u s t e s f o s s i l i s ( B l o c h ) / a v e r y common food f i s h 
of I n d i a . 
F i s h e s r a n g i n g from 12-17 cms were found t o be 
i n f e c t e d . The i n t e n s i t y was v e r y h i g h , as many as 40 
t r y p a n o s o m e s c o u l d be s e e n i n a s i n g l e b l o o d f i l m . 
i n c i d e n c e t A f a i r l y h i g h i n c i d e n c e of 46.66% was r e c o r d e d , 
56 o u t of 120 f i s h e s were found t o be i n f e c t e d . Th i s i s 
t h e h i g h e s t i n c i d e n c e of any f i s h t rypanosome r e p o r t e d so 
f a r from I n d i a o r e l s e w h e r e . 
Morphology; 
The a d u l t as w e l l as t h e d e v e l o p m e n t a l forms of t h e 
p a r a s i t e were o b s e r v e d . Only 5-6 were d e v e l o p m e n t a l forms 
w h i l e t h e r e s t were a d u l t forms which t h u s c l e a r l y domina ted 
i n numbers . 
Deve lopmenta l form ( F i g . 4 , A ) : 
These forms were o b s e r v e d i n t h r e e i n f e c t e d f i s h e s . 
s h a p e : The shape of t h e s e forms V a r i e s from ' c ' t o ' S ' 
c o n f i g u r a t i o n . The e x t r e m i t i e s of t h e body a r e p o i n t e d , 
t h e a n t e r i o r end b e i n g more s o . 
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Cy topi asm t The cytoplasm takes a l i g h t s t a in , i s f ine ly 
granular and devoid of vacuoles. 
Nucleus; Ttie nucleus i s generally oval or bean-shaped. 
I t takes a dark s ta in and occupies an an te r io r pos i t i on . 
Karyosome i s not observed. 
Kinetoplast : The k ine top las t i s almost spherical in 
shape and i s s i tua ted s l i g h t l y in front of the pos te r ior" 
extremity, 
Blepharoplast; Blepharoplast i s not observed in any form, 
it^parently, the axonoiie a r i ses d i r ec t l y from the k ine top las t . 
Flagellimit The flagellum or ig ina tes from the k ine top la s t 
and extends to the an ter ior end of the body making 1-2 
convolutions. Free flagell\am i s absent. 
undulating menbrane: The l i g h t l y s ta in ing undulating 
membrane has only 1-2 folds and i s narrow and poorly 
developed. 
Nuclear indg£: The nuclear index ranges from 1,48 to 
2,00, 
Adult form (Fig. 4, B-F) : 
The adult trypanosomes ex i s t in three morphologically 
d i f fe ren t fonns - the small, intermediate and the l a rge 
forms found in decreasing order of abundance, All the 
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three forms were v i s i b l e in eacln infected f i sh , NO 
divis ional stages were observed. 
shape: The l a rge forms have the most sinuous body 
(Fig. 4, E & F) and the shape var ies from «C' to ' s* confi-
guration or even almost a s t r a i g h t l i n e . The extremit ies 
are attenuated and pointed, the an te r io r end being 
s l i g h t l y more so than the pos t e r io r . 
Cytoplasm; The cytoplasm i s most densely granular in the 
small forms and i s devoid of vacuoles (Pig. 4, B) . The 
intermediate forms have a l ess granular cytoplasm,the 
granules are concentrated along the border of the ce l l 
menbrane and the vacuoles are sca t te red randomly. The 
la rge forms have the l e a s t granular cytoplasm. 
Nucleus: The nucleus i s reniform or oval in shape. The 
chromatin granules are most densely packed together in 
the small forms. 'The l a rge forms contain l a rge r but l e s s e r 
chromatin granules. The intermediate forms Contain a deep 
s ta in ing karyosome located cen t ra l ly and i s attached to 
the nuclear mennbrane by chromatin threads (Fig. 4, C & D). 
Kinetoplast : The k ine top las t i s terminal or sub terminal 
in pos i t ion , oval or spherical in s h ^ e . I t i s most well 
developed in the intermediate forms, 
Blepharoplast: The blepharoplast i s not observed in any 
of the specimens. 
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Flagellum; '^e flagellum takes i t s or ig in from the 
k ine top las t , runs an te r io r ly bordering the undulating 
menbrane and extends f ree ly beyond the an ter ior end of 
ce l l body. Tbere i s an increase in s ize of the f ree f l a -
gellum with an increase in s ize of the trypanosome. 
undulating membrane: Ihe l i g h t l y s ta ined undulating 
membrane has 2-4 folds in the small forms; 3-5 folds in the 
intermediate form and 4-7 folds in the la rge forms. 
Nuclear index; The nuclear index ranges from 0.72 to 1.28. 
Measurements? Ihe average values and the ranges of the 
developmental and three forms of the adult are presented 
in Table v i . 
Host : Heteropneustes f o s s i l i s (Bloch) 
Local i ty : A, C, E Sc local f ish market. 
Discussion: 
The developmental forms are evidently the metacyclic/ 
in fec t ive / t ransmit ive forms normally found in the i n t e r -
mediate host . These forms are much smaller than the 
adul t and devoid of free flagellum. Their presence in 
the f ina l host suggests t ha t they have been t ransmit ted 
from the intermediate host , the leech, to t h e i r f ina l f ish 
hos t . 
Castel lani & Willey (1905-'06) for the f i r s t time 
had recorded Trypanosoma saccobranchi from the blood of 
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Heteropneustes f o s s i l l s from Cblombo lake. These authors 
were followed by Qadri (1962a) who reported a monomorphic 
species T. danllewsky var. nov. saccobranchl, and 
Raychaudhuri & Misra (197 3) who recorded a dimorphic 
species, T. mukundi from the same host . The polymorphic 
nature of the present species d i f f e r en t i a t e s i t from the 
above mentioned species . 
A polymorphic trypanosorae was described by Eutton 
e t a l . (1906) from Clarias angolensis. These authors 
mentioned a 4-lobed granular k ine top la s t unl ike the 
present species. The presence of metachromatic granules 
and the absence of myonemes in the present species d i f fe r -
en t i a t e s i t from T. occi den t a l i s . Becker (1967) had 
reported polymorphism but described only two forms - the 
slender and the broad forms. T. s t r i a t i Qadri, 1955 from 
OphioG^halus s t r i a t u s i s also trimorphic but t h i s species 
of trypanosome i s much l a rge r than the present one. The 
in termediate form of the presen t species i s the broadest 
whereas in T. s t r i a t i Qadri has mentioned tha t in the 
type which i s intermediate in s ize , characters are also 
intermediate in degree. The presen t species also completely 
d i f fe r s from the polymorphic species, T. channai 
Narasimhcimurti & Saratchandra, 1980 col lected from 
Channa punctatus in the shape and s ize of the trypanosome. 
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Taking a l l these aspects in to consideration the 
trypanosome from Heteropneustes f p s s i l i s Blocb i s consi-
dered to be new and i s named Trypanosoma t r i formis n. sp. 
on the bas is of i t s trimorphic nature . 
TABLE - VI 52 
MEASUREMENTS OF THE DEVELOPMENTAL AND ADULT FORMS OF 
TRYPANOSOMA TRIFORMIS N. SP. ( IN MICRONS) 
Cbraponent p a r t s 
o f t h e p a r a s i t e 
D e v e l o p m e n t a l 
f o r m s n a i l 
A<3ult f o r m 
i n t e r -
m e d i a t e L a r g e 
T o t a l l e n g t h o f 
p a r a s i t e i n c l u d i n g 
f r e e f l a g e l l x i m 
9 . 6 8 
( 8 . 5 0 - 1 0 . 2 5 ) 
L e n g t h of c e l l b o d y 
B r e a d t h o f c e l l b o d y 
L e n g t h o f f r e e f l a g e l l t o m a b s e n t 
9 . 6 8 
( 8 . 5 0 - 1 0 . 2 5 ) 
1 . 2 2 
( 1 . 0 0 - 1 , 4 5 ) 
L e n g t h o f n u c l e u s 
B r e a d t h o f n u c l e u s 
A n t e r i o r m a r g i n o f 
n u c l e u s t o a n t e r i o r 
e n d o f b o d y 
P o s t e r i o r , m a r g i n of nu-
c l e u s t o k i n e t o p l a s t 
L e n g t h o f k i n e t o p l a s t 
B r e a d t h o f k i n e t o p l a s t 
D i s t a n c e f rom k i n e t o -
p l a s t t o p o s t e r i o r t i p 
W i d t h o f u n d u l a t i n g 
m e m b r a n e 
N u c l e a r i n d e x 
1 . 5 5 
( 1 . 2 5 - 2 . 0 0 ) 
1 , 1 2 
( 0 . 8 0 - 1 . 2 0 ) 
2 . 8 0 
( 2 . 6 2 - 3 . 6 4 ) 
4.20 
(3 .78-5.42) 
0 . 7 1 
(0 .60 -0 .SO) 
0 . 7 1 
( 0 . 6 5 - 0 . 7 8 ) 
0.42 
(0.20-0.58) 
0.24 
(0 .00-0.50) 
1.70 
( 1 . 4 8 - 2 . 0 0 ) 
26 .5 
( 2 4 . 4 - 2 9 . 9 
1 4 . 7 
( 1 3 . 0 - 1 8 . 1 
l . S 
( 1 . 1 - 2 . 4 
11.G 
( 1 0 . 3 - 1 3 . 4 ; 
1 .4 
( 1 . 3 - 1.6 
1 .4 
( 1 . 3 - 1.6 
7.0 
(5.5 - 7.8 
5 , 1 
( 4 . 5 - 6 . 4 
0 . 6 
( 0 . 5 - O.S 
0 . 6 
( 0 , 4 - 0 , 7 
0 . 6 
( 0 . 4 - 0 . 8 
0 . 8 
( 0 . 6 - 1 .2 
0 . 9 1 
( 0 . 7 2 - 1 . 2 5 
37 .9 4 6 . 2 
3 5 . 2 - 4 0 . 1 ) ( 4 4 . 5 - 4 7 . 1 ) 
24 .9 3 1 . 2 
2 1 . 6 - 2 7 . 9 ) ( 3 0 . 0 - 3 3 , 8 ) 
2 . 1 1.7 
1.2 - 2 ,9 ) ( 1 . 5 - 2 , 0 ) 
1 3 . 0 1 5 , 0 
1 1 . 3 - 1 6 . 2 ) ( 1 3 . 3 - 1 6 . 4 ) 
3 .6 4 . 4 
3 . 1 - 4 . 2 ) ( 3 , 2 - 5 , 1 ) 
1 ,3 1 3 
0 . 9 - ^ 1 . 8 ) ( 1 . 1 1 1.5) 
1 0 . 1 1 4 . 1 
8 , 0 - 1 2 , 3 ) ( 1 2 . 2 - 1 6 , 3 ) 
9 , 2 1 1 . 2 
7 . 2 - 1 1 . 5 ) ( 9 . 1 - 1 3 . 8 ) 
1.5 1,0 
1.0 - 1 . 8 ) ( 0 . 7 - 1.4) 
O.S 0 . 9 
0 . 8 - 1.0) (O.S - 1.5) 
0 . 5 0 . 5 
0 . 2 - 1 .1) ( 0 . 3 - 1,1) 
1 .1 1.1 
0 . 7 - 1 ,8) ( 1 . 0 - 1 .2) 
1.09 0 . 9 1 
0 . 8 4 - 1 . 2 8 ) ( 0 . 8 4 - 1 . 2 8 ) 
F i g u r e s i n p a r e n t h e s i s g i v e t h e r a n g e s . 
F i g . 4 
Trypanosoma t r i f o r m ! s n . s p . 
^ - Deve lopmenta l form 
B - S^a l l form 
C & D - i n t e r m e d i a t e forms 
E & F - L a r g e forms 
iOMm 
FIG.4 
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TRYPJSJSrOSOMA MONOMORPHA N. SP. 
( P i g . 5) 
I t ie f i s b ^ C a t l a c a t l a (Ham.) was found t o h a r b o u r 
a new s p e c i e s of t h e t rypanosome p a r a s i t e . 
o n l y o n e form of t h e p a r a s i t e c o u l d be o b s e r v e d i n 
f r e s h and s t a i n e d f i l m s s u g g e s t i n g t h a t t h i s s p e c i e s i s 
monomorphic i n n a t u r e . A m o d e r a t e number of 1 5 - 2 0 t r y p a n o -
somes c o u l d be o b s e r v e d i n a s i n g l e f i l m . 
i n c i d e n c e } A meag re 4.44% i n f e c t i o n was found i n t h e 
b l o o d of C a t l a c a t l a , 4 o u t of 90 f i s h e s were i n f e c t e d . 
Morphology; 
Shape ; The p a r a s i t e i s r o u g h l y ' c * s h a p e d b u t somet imes 
*S" shape was a l s o e n c o u n t e r e d . The e x t r e n a i t i e s of t h e 
body a r e p o i n t e d , t h e a n t e r i o r end b e i n g more a c u t e . 
Cy top lasm; The c y t o p l a s m t a k e s a l i g h t s t a i n and i s g r a -
n u l a r i n n a t u r e , t h e g r a n u l e s a r e more c o n c e n t r a t e d i n t h e 
a n t e r i o r r e g i o n of t h e body and e x t e n d t h r o u g h o u t one 
m a r g i n of t h e c e l l membrane. S t r a y v a c u o l e s a r e p r e s e n t 
which a r e more a b u n d a n t i n t h e p o s t e r i o r p a r t of t h e body. 
N u c l e u s ; o v a l o r r e n i f o r m n u c l e u s o c c u p i e s a l m o s t a 
c e n t r a l p o s i t i o n . I t taikes a deep s t a i n , t h e c h r o m a t i n 
g r a n u l e s a r e a r r a n g e d r a t h e r i r r e g u l a r l y and a r e d e n s e l y 
p a c k e d t o g e t h e r . Karyosome i s n o t o b s e r v e d i n any of t h e 
s p e c i m e n s . 
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Kinetoplast ; sibterminal k ine top las t i s oval o r rounded 
in shape and s t a in s darkly. Usually i t occupies the en t i r e 
width of the ce l l body. 
Blepharoplast: Blepharoplast i s absent. The axonone 
apparently a r i ses d i r e c t l y from the k ine top las t , 
Flagellum; The flagellxim takes i t s or ig in from the k ine to -
p l a s t , runs an te r io r ly bordering the undulating membrane 
and extends as a free flagellxom beyond the body. The f ree 
flagellum i s a well developed s t ruc tu re and i s more than 
1/3 of the body length. 
undulating manbranes The l i g h t l y s tained undulat ing 
membrane has 4-8 fo lds . The folds are of equal length 
Usually but in some trypanosomeS/ one or two longer folds 
are also present . 
Nuclear index: The nuclear index ranges from 1,0 to 1,3, 
Measuramentst The range and mean values^of the p a r a s i t e 
are presented in Table VII. 
Host : Catla c a t l a (Ham.) 
Local i ty : E &. local f ish market. 
Discussion: 
Various species of monomorphic trypanosomes have 
been described from d i f fe ren t hos ts , h close ex^nination 
suggests t ha t the present species can be compared to 
T» snabasl/ Mandal, 1978a from j^abas testudineus in having 
almost s imilar body lengfhs/ f l a g e l l a r lengths and nuclear 
pos i t i on . But the nucleus of the present species and the 
undulating membrane are much broader than in T. enabasi* 
Moreover/ the granulation of the two species i s d i f fe ren t . 
The Vacuoles in T. anabasi are present in the whole of the 
cytoplasm whereas in the present species they are more 
abundant in the p o s t e r i o r p a r t of the body. The present 
species resembles T. gadr i i Nar^imh^urt i & Saratchandra/ 
1980 in the s ize of the body but d i f fe rs in nuclear width, 
nuclear pos i t ion and f l a g e l l a r length. I t i s for the f i r s t 
time tha t a trypanosome from the blood of Catla ca t l a has 
been reported. The s t ruc tu ra l characters described in 
t h i s account do not resemble any of the previously described 
trypanosomes. Hence i t i s described as new and i s named 
as Trypanosoma monomorpha n . sp . 
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TABLE - V I I 
MEASUREMENTS OF THE VARIOUS BODY PARTS OF TRYPANOSOMA 
MONOMORPHA N. SP. ( I N MICRONS) 
Oonaponent p a r t s 
of t h e p a r a s i t e Range • Mean 
T o t a l l e n g t h of t h e 
p a r a s i t e i n c l u d i n g 
f r e e f l a g e l l u m 
Leng th of c e l l body 
B r e a d t h of c e l l body 
L e n g t h of f r e e f l a g e l l u m 
L e n g t h of n u c l e u s 
B r e a d t h of n u c l e u s 
A n t e r i o r m a r g i n of 
n u c l e u s t o a n t e r i o r 
end of body 
p o s t e r i o r m a r g i n of 
n u c l e u s t o k i n e t o p l a s t 
L e n g t h of k i n e t o p l a s t 
B r e a d t h of k i n e t o p l a s t 
D i s t a n c e from k i n e t o -
p l a s t t o p o s t e r i o r t i p 
Width of u n d u l a t i n g 
monbrane 
N u c l e a r i n d e x 
4 2 . 6 -
2 8 . 8 -
2 .0 -
1 4 . 2 -
2.7 -
1.5 -
1 1 . 3 -
1 0 . 7 -
0 . 8 -
0 . 7 ~ 
0 . 7 -
1 .3 -
O.S -
4 8 . 3 
33 .6 
2 . 9 
1 8 . -> 
3 . 3 
2 . 4 
1 5 . 4 
1 4 . 2 
1 . 1 
1 . 0 
1 . 0 
1 . 6 
1 . 3 
46 .50 
30 .25 
2 .25 
1 6 . 2 5 
3 . 0 0 
1 .75 
1 3 . 0 
1 2 . 0 
1 . 0 
0 . 9 
0 . 8 
1 . 5 
1 . 2 
Fig . 5 
Trypanosoma monofnorpha n . s p . 
HI 
FIG. 5 
b'l 
TRYPjtf-IOSOMA NOTOPTERI N. SP. 
( F i g . 5) 
N o t o p t e r u s n o t o p t e r u s (Ham.) i s t h e h o s t of t h i s 
s p e c i e s of t r y p a n o s o m e . 
F r e s h b l o o d f i l m s showed t h e p r e s e n c e of one form 
of t h e p a r a s i t e , s l e n d e r i n s h a p e and moving a b o u t v e r y 
r a p i d l y a n o n g s t t h e b l o o d c o r p u s c l e s . About 10-15 t r y p a n o -
somes c o u l d be s e e n i n a s i n g l e s l i d e , 
i n c i d e n c e : S c a n t i n f e c t i o n of 6,09% was o b s e r v e d from 
N o t o p t e r u s n o t o p t e r u s . Out of 82 f i s h e s examined, 5 showed 
t h e p r e s e n c e of t r y p a n o s o m e s i n t h e i r b l o o d . 
Morphology; 
ghape ; S l e n d e r and s i n u o u s body, g e n e r a l l y ' C o r ' s ' 
s haped w i t h a t t e n u a t e d and t a p e r i n g e x t r e m i t i e s , t h e p o s t e -
r i o r end b e i n g s l i g h t l y b r o a d e r and rounded t h a n t h e 
a n t e r i o r end . 
Cy top lasm; The c y t o p l a s m i s g r a n u l a r i n n a t u r e . D a r k l y 
s t a i n i n g m e t a c h r o m a t i c g r a n u l e s a r e found a l o n g b o t h t h e 
s i d e s of t h e n u c l e u s e x t e n d i n g t o w a r d s t h e a n t e r i o r and 
p o s t e r i o r ends of t h e body. Vacuo le s a r e found s c a t t e r e d 
t h r o u g h o u t t h e c y t o p l a s m . 
N u c l e u s ; The n u c l e u s i s s i t u a t e d i n t h e a n t e r i o r h a l f of 
t h e body and i s g e n e r a l l y o v a l i n s h ^ e . I t o c c u p i e s t h e 
m 
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ajor width of the ce l l body. The densely s ta in ing 
chromatin granules are packed together in i r r e g u l a r masses, 
Karyosome i s not observed, 
Kinetoplas t ; Spherical or oval k ine top las t i s s i tua ted 
s l i g h t l y away from the pos t e r io r extremity of the body 
and i s a well developed s t ruc tu re , 
Blepharoplast; Blepharoplast i s absent. Jipparently the 
axoneme a r i ses d i r ec t l y from the k ine top las t , 
Flagelliimt Like the other forms, the flagellum obviously 
o r ig ina tes d i r e c t l y from the k ine top la s t and borders the 
undulat ing menbrane throughout i t s length and extends f ree ly 
beyond the an te r io r end of the body as a f ree flagellum. 
The l a t t e r i s moderately long. 
Undulating membrane; The undulating maifibrane i s usua l ly 
narrow, takes a l i g h t s ta in and has 3-5 folds of almost 
s imi la r length. 
Nuclear index* The nuclear index ranges from 1,1 to 1,5, 
Measurements; The range and mean values of the trypanosome 
are presented in Table VIII. 
Host ; Notopterus notopterus (H^ . ) 
Local i ty ; C & local f ish market. 
Discussion; 
This species of trypanosome i s ra ther small in s ize , 
devoid of polymorphic nature . 
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of the Various monomorphic species described so fa r 
(Table IV) / the presen t species resembles T. cboudburyi 
Mandal/ 1977 from Tilapia mossambica; T. canc l l i / M-andal/ 
1978 from Xenentodon canci la and T. ba ta i / Josh i , 1978 
from Labeo bata in t o t a l body lengths . The presen t species 
d i f f e r s from T. canci l i in f l a g e l l a r length and width of •/ 
undulating monbrane and from T. ba ta i in the length of^the 
ce l l body, f l a g e l l a r length/ granulation of the cytoplasm 
and nuclear pos i t ion , 
josh i (1979^ reported the occurrence of trypanosomes 
from the blood of Nptopterus notopterus and mentioned an 
infec t ion of 2,6% in a survey car r ied out on the occurrence 
of trypanosomes in t e l e o s t s of Lucknow. But he ne i the r 
described the species nor provided i t s measurements or 
f igures , so the present author i s not sure whether i t was 
the seme as the one being described now. I t i s d i s t i n c t 
from a l l the species of trypanosomes described so f a r 
and hence has been given the s ta tus of a new species, 
Trypanosoma notopter i n . s p . based on the generic nepie of 
i t s host . 
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TABLE - V I I I 
MEASUREMENTS OF THE VARIOUS BODY PARTS OF TRYPANOSOMA 
NOTOPTERI N. SP. (IN MICRONS) 
Ctomponetit p a r t s 
of t h e P a r a s i t e Range Mean 
T o t a l l e n g t h of p a r a s i t e 27 .6 - 3 3 . 2 3 1 . 4 
i n c l u d i n g f r e e f l a g e l l i i m 
Leng th of c e l l body 2o. 3 - 27 ,5 2 4 . 2 
Bread th of c e l l body 1.9 - 2 .5 2 ,2 
Leng th of f r e e f l a g e l l u m 5 ,9 - 8 . 3 7 . 2 
L e n g t h of n u c l e u s 2 . 1 - 3 . 5 2 .5 
Bread th of n u c l e u s 1.0 - 1.5 1 .3 
A n t e r i o r m a r g i n of 7 . 6 - 1 1 . 2 9 . 1 
n u c l e u s t o a n t e r i o r 
end of body 
p o s t e r i o r m a r g i n of 8 . 2 - 1 2 . 8 1 0 , 4 
n u c l e u s t o k i n e t o -
p l a s t 
Leng th of k i n e t o p l a s t 0 . 8 - 1 . 4 1,2 
Bread th of k i n e t o p l a s t 0 . 7 - 1 . 2 0 . 9 
D i s t a n c e from k i n e t o - 0 , 9 - 1 ,1 1,0 
p l a s t t o p o s t e r i o r t i p 
w i d t h of u n d u l a t i n g 0 , 7 - 0 . 9 0 . 8 
membrane 
N u c l e a r i n d e x 1.1 - 1,5 1 ,3 
Fig . 6 
Trypanosoma n o t o p t e r i n , sp. 
o 
FIG. 6 
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TRYPMOSOMA BATRACHI QADRI, 1962 
( F i g . 7) 
"Hhe b l o o d of an e d i b l e f r e s h w a t e r f i s h , C l a r i a S 
b a t r a c h u s ( L i n n . ) was i n h a b i t e d by t h i s s p e c i e s of 
t rypanoso rae . 
I n f r e s h f i l m s , t h e t r ypanosome was found t o move 
v e r y a c t i v e l y amongst t h e b l o o d c o r p u s c l e s . Two forms of 
t h e p a r a s i t e c o u l d be d i s t i n g u i s h e d - stumpy and t h e s l e n d e r 
f o r m s , t h e l a t t e r o u t n u m b e r i n g t h e f o r m e r . About 8-16 
t rypanosoraes c o u l d be o b s e r v e d i n a s i n g l e b l o o d f i l m . 
I n c i d e n c e : 75 f i s h e s were i n v e s t i g a t e d and 18 were found 
t o be i n f e c t e d w i t h t r y p a n o s o m e s . The p e r c e n t a g e of i n f e c -
t i o n b e i n g 24, 
Morphology; 
The t rypanosome u n d e r s t u d y a p p e a r s t o be d i m o r p h i c 
i n n a t u r e e x i s t i n g as stxompy and s l e n d e r fo rms . 
s h a p e ; The stumpy forms a r e l e s s s i n u o u s b u t t h e s l e n d e r 
fo rms h a v e a s i n u o u s and ' S ' shaped i>ody. Both t h e forms 
h a v e p o i n t e d e x t r e m i t i e s , t h e a n t e r i o r end b e i n g more 
a c u t e t h a n t h e p o s t e r i o r end . 
Cy top lasm; The cy top l a sm i s g r a n u l a r i n n a t u r e , t h e 
g r a n u l e s a r e found on b o t h t h e s i d e s of t h e body and a r e 
more c o n c e n t r a t e d n e a r t h e n u c l e u s . G r a n u l a t i o n p a t t e r n 
i s s i m i l a r i n b o t h t h e f o r m s . Vacuo l e s of v a r y i n g s i z e s 
a r e p r e s e n t t h r o u g h o u t t h e c y t o p l a s m . 
G2 
Nucleus: Topograpl:iically/ the nucleus i s s i tua ted behind 
the middle of the body and i s oval in shape. The nucleus 
of the stumpy form takes a deeper s t a in and the chromatin 
granules are more densely packed together . I t occupies 
the major por t ion of the body width. Karyosome i s not 
observed, 
Kinetoplast : ihe well developed k ine top la s t i s subterminal 
in pos i t ion , oval or spherical in shape and broader in 
s ize in the stumpy forms as compared to the slender ones, 
Blepbaroplastt Similar to the o ther trypanosomes described, 
the blepharoplast i s absent, the aixoneme ar i ses d i r ec t l y 
from the k ine top las t , 
FlagellTjm: ihe flagellum or ig ina tes from the k ine top las t , 
borders the undulating menbrane making 5-8 convolutions 
and exists beyond the an ter ior end of the body as a free 
flagellum. The l a t t e r i s more developed in the slender 
forms, 
undulating manbrane: The undulating menbrane "has only 3-5 
folds in the stumpy forms whereas the number increases to 
5-8 in the slender forms. The folds are of unequal length. 
Muclear index . 'jjhe nuclear index ranges from 0.6 to 1.0, 
Measurements; Range and mean values of the st-umpy and 
slender forms are presented in Table IX, Dimorphic nature 
of the trypanosome i s evident. 
G3 
Host : Clarias batrachus (Linn.) 
Local i ty J O E & local f ish market. 
Discussion; 
The freshwater f ishes belonging to the family 
Clariade appear to be good hosts for trypanosomes. 
Trypanosoma c l a r i ae was reported by Montel (1905) from 
Clar ias macrooephalus of GDchin China but no descr ipt ion or 
dimensions were provided. A trimorphic trypan©some from 
£• angolensis was described by Dutton jet _al. (1907) from 
Leopoldvil le in the Congo. wenyon (1908) reported the occu-
rence of trypanosomes in the blood of C, angu i l l a r i s from 
the Nile and Lake j?nbodi/ Sidan but did not provide any 
descr ipt ion or mensural data. Bouet (1909) n^med i t T. toddi 
from the seme host in French West ji^rica and opined tha t i t 
was the sane as tha t described by Button et a l . (1907). 
Pantham (1919) recorded trypanosomes from c. gariepinus from 
Natal/ South Africa. He suggested t h a t they might be T.barbi 
Brumpt, 1906 and therefore assigned no n ^ e to them. From 
Mocambique/ Dias (195 2) described trypanosomes from the same 
host , named than T. andradesilvae and included the p a r a s i t e 
described by Fantham (1919) in t h i s species which was 
l a t e r on supposed to be a synonym of T. toddi by BaKer (I960). 
In the seme work, the author also separated the trypanosome 
of Button et a l . (1907) from T. toddi and n ^ e d the former 
as T. tobeyi. 
G4 
From India/ three species of trypanosomes, Trypanosoma 
batrachi Qadri, 196 2; T. maguri Tan don & j o s h i , 197 3 and 
T. qadr i i Nar^imbcTnurti & Saratchandra/ 1980 tiave been 
described from the blood of CIarios batrachus and su rp r i s -
ingly there i s no conspicuous change in t h e i r morphology, 
range values of the length and breadth of the body, f ree 
f l a g e l l a r length and dimensions and pos i t ion of the 
nucleus described by a l l the authors. Qadri (196 2a) reported 
dimorphism but did not provide names and mensural data of 
the dimorphic forms. Tandon & josh i (1973) mentioned 
polymorphism but these workers too did not describe the 
polymorphic forms separate ly . They d i f fe ren t i a t ed t h e i r 
species from T. batrachi on the bas i s of the presence of 
a very small form not described by Qadri (196 2a) and the 
difference in nature of granulation in the cytoplasm. 
Nar^simhaiiurti & Saratchandra (1980) d i f fe ren t ia ted t h e i r 
species from T. batrachi on the bas is of the monomorphic 
nature of the former, pos i t ion of k ine top las t and absence 
of granulation and regarded i t as a new species. These 
workers have fur ther d i f fe ren t i a t ed t h e i r species from 
T. maguri on the bas is of granulation in cytoplasm. 
The present species i s comparable to T. batrachi 
in the dimorphic nature of the two species and s t ruc tu re 
and dimensions of the p a r a s i t e . In the present work, 
descr ip t ions and mensural data of the two di f ferent forms 
Gf c-
which have been named 'stvimpy' and 'slender* are being 
given which had not been named so fa r . The presen t species 
i s in conformity with the species mentioned and has been 
i den t i f i ed as Trypanosoma batrachi Qadri, 1962 with 
measursnents of 'stumpy* and ' s l ende r ' forms, being 
provided for the f i r s t time. 
TABLE - IX 
MEASUREMENTS OF THE VARIOUS BODY PARTS OF TRYPANOSOMA 
BATRACHI QADRI/ 1962 (IN MICRONS) 
GG 
Component pa^ts 
of the p a r a s i t e 
Stumpy 
form 
Slender 
form 
Total length of p a r a s i t e 
including free flagellum 
Length of ce l l body 
Breadth of ce l l body 
Length of free flagellum 
Length of nucleus 
Breadth of nucleus 
Anterior margin of nucleus 
to an te r io r end of body 
pos te r io r margin of nucleus 
to k ine top las t 
Length of k ine top la s t 
Breadth of k ine top las t 
Distance from k ine top la s t 
to pos t e r io r t ip 
width of undulating 
membrane 
Nuclear index 
28,7 
( 2 3 . 0 - 3 3 . 2 ) ( 
1 8 . 7 
( 1 0 . 2 - 2 3 . 4 ) ( 
2 , 6 
( 2 . 0 - 3 . 8 ) ( 
1 0 . 0 
( 7 . 2 - 1 2 . 7 ) ( 
2 . 2 
( 1 . 7 - 2 . 8 ) ( 
2 . 0 
( 1 . 6 - 2 . 8 ) ( 
9 . 5 
( 6 , 2 - 1 3 . 4 ) ( 
5 . 5 
( 3 . 8 - 7 . 8 ) 1 
0 . 9 
( 0 . 6 - 1 . 6 ) ( 
1 . 0 
( 0 . 8 - 1 . 7 ) ( 
0 . 6 
( 0 . 2 - 1 , 2 ) ( 
0 . 6 
( 0 . 3 - 1 . 0 ) ( 
0 . 7 6 
( 0 . 6 - 0 . 9 ) ( 
4 4 . 6 
3 5 . 6 - 4 9 . 2 ) 
2 9 . 4 
^26 .4 -33 .2 ) 
1 . 8 
; 1 . 0 - 2 . 1 ) 
1 5 . 2 
: i 2 . 1 -18 . 2) 
2 . 8 
; 2 , 2 - 3 . 5 ) 
1 . 3 
; 0 . 7 - 1 . 9 ) 
1 4 , 8 
, 1 0 . 1 - 1 8 . 2 ) 
9 . 6 
: 6 , 2 - 1 4 . 4 ) 
1 . 2 
; 0 . 9 - 1 , 6 ) 
0 , 8 
: 0 . 6 - 1 . 2 ) 
1 . 0 
, 0 . 4 - 1 . 8 ) 
1 . 6 
' 1 . 0 - 1 . 9 ) 
0 . 8 1 
0 . 6 - 1 . 0 ) 
Figures in parenthes is give the ranges. 
Fig . 7 
Trypanosoma b a t r a c h i Qadri, 1962 
A - C - Stumpy forms 
D - p - Slender forms 
FIG.7 
G7 
TRYPi^ MOSOMA BATAI JOSHI, 1978 
( F i g . 8) 
Labeo r o h i t a (Ham.) a f r e s h w a t e r c a r p i s t h e h o s t 
of t h i s s p e c i e s of t r y p a n o s o m e . 
s c a n t i n f e c t i o n of t h e t rypanosome was o b s e r v e d , and 
t h e i n t e n s i t y of i n f e c t i o n was f a t h e r poor^ o n l y 6 - l o p a r a -
s i t e s c o u l d be o b s e r v e d i n a s i n g l e f i l m . No po lymorphism 
was r e c o r d e d . 
i n c i d e n c e : h low i n f e c t i o n of 6 ,25% was o b s e r v e d ; 4 o u t 
of 64 f i s h e s exemined w e r e found t o be i n f e c t e d . 
Morphology: 
s h a p e : S l e n d e r and e l o n g a t e d body w i t h t a p e r i n g e x t r e s n i -
t i e s , t h e a n t e r i o r end b e i n g more drawn o u t and p o i n t e d , 
Cy t o p i asm: G r a n u l a t i o n i s p r e s e n t t h r o u g h o u t w h i l e t h e 
V a c u o l e s a r e s c a t t e r e d i n t h e c y t o p l a s m which a r e a l m o s t 
of e q u a l s i z e . 
N u c l e u s ; The o v a l n u c l e u s i s g e n e r a l l y p l a c e d i n t h e 
c e n t r e . I t a p p e a r s as a d e e p - s t a i n i n g s t r u c t u r e and t h e 
c h r o m a t i n g r a n u l e s a r e clumped t o g e t h e r . I n some spec imens / 
ka ryosome i s a l s o o b s e r v e d which i s g e n e r a l l y c e n t r a l l y 
p l a c e d ( F i g . 8/ B & F) b u t i n one i n s t a n c e ( P i g . 8^ c) i t 
i s more t owards t h e a n t e r i o r end. 
K i n e t o p l a s t : The s u b t e r m i n a l k i n e t o p l a s t i s o v a l o r 
s p h e r i c a l i n shape and r a n g e s i n s i z e from a s m a l l s t r u c t u r e 
68 
(Fig. 8, B) to a comparatively la rge one (Fig. 8, D). in 
no case i t i s found to occupy the en t i r e width of the 
ce l l body. 
Blepharoplast; Blepharoplast i s absent. 
Flagellumt Ihe flagellum or ig ina tes d i r e c t l y from the 
k ine toplas t / makes 2-4 long convolutions over the undula-
t ing membrane and f i n a l l y extends f reely beyond the an ter ior 
end of the body. 
Undulating mertbrane: The undulating monbrane has longer 
but narrower folds as compared to' many other species. They 
number 2-4. 
Nuclear index; The nuclear index ranges from 0,9 to l . l . 
Measuranents: The range and mean values of the trypanosome 
are given in Table X, 
Kost : Labeo roh i ta (HSPI.) 
Local i ty : B & loca l f ish market. 
Discussion* 
Of the Various species of trypanosomes reported so 
fa r , the present species conforms with Trypanosoma bata i 
Josh i , 1978 from Labeo bata except for some minor d i f fer -
ences, josh i (1978a) had mentioned tha t the pos t e r io r 
extremity of the body i s more pointed whereas in the present 
case/ i t i s the an te r io r end which i s more pointed, the 
GD 
pos t e r i o r end being blunt . He also mentioned the absence 
of Vacuoles whereas the l a t t e r are presen t in the species 
under study, i ^ a r t from these differences, there are no 
marked differences between the two species . The body 
measurements are the sane/ topographic pos i t ion of the 
nucleus and granulation is~also s imi lar . Moreover, the 
present mater ial also comes from the sane host genus 
though from a d i f fe ren t species . Hence, on the bas i s of 
the above s i m i l a r i t i e s , the present specimens of trypanosome 
are iden t i f i ed as Trypanosoma bata i j o s h i , 1978, 
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TABLE - X 
MEASUREMENTS OF THE VARIOUS BODY PARTS OF TRYPANOSOMA 
BATAI JOSHI, 1978(IN MICRONS) 
component p a r t s 
of t h e p a r a s i t e Range Mean 
2 6 . 2 -
1 4 . 3 -
1.0 -
1 0 . 1 -
1 .1 -
0 . 7 -
1 0 . 4 -
35 .2 
22. S 
1 .6 
1 4 . 7 
2 . 3 
1 . 4 
1 6 . 5 
30 .5 
1 7 . 9 
1 . 3 
1 2 . 6 
1 . 8 
1 . 0 
1 4 . 7 
Total length of p a r a s i t e 
including free flagellura 
Length of ce l l body 
Breadth of ce l l body 
Length of free flagellum 
Length of nucleus 
Breadth of nucleus 
APterior margin of nucleus 
to an te r io r end of body 
pos te r io r margin of 8.9 - 13.8 12,7 
nucleus to k ine top la s t 
Length of k ine top la s t 
Breadth of k ine top la s t 
Distance from k ine top las t 
to pos t e r io r t i p 
Width of undulating 
menbrane 
Nuclear index 
0 . 2 -
0 . 2 -
0 . 4 -
0 . 6 -
0 . 9 -
0 . 9 
0 . 9 
1 . 1 
1 . 0 
1 . 1 
0 . 5 
0 . 5 
O . S 
0 . 8 
0 . 9 5 
Fig . 8 
Trypanosoma b a t a i J o s h i , 1978 
iO^fn 
FiG.e 
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R E M A R K S 
1240 freshwater f ishes belonging to 13 genera and 
15 species were inves t iga ted for the presence of p a r a s i t e s . 
Trypanosomes were recorded from 8 species of f i shes ; 143 
f i shes were infected - the percentage of infect ion in a l l 
the 15 species was 11,53% whereas i t was 17,10% in the 
infected f ishes of 8 species . 
Out of the 8 species observed, 6 were found to be 
new to science and have been described as new species 
while 2 species are described ones, though t h e i r redescr ip-
t ion has been provided. Monoraorphic, dimorphic as well 
as polymorphic forms were observed. No two trypanosomes 
described herein were found to be i den t i ca l to each other 
(Table XI). Table XII and Fig. 9 show trypanosome infect ion 
in d i f ferent f ish hosts and t h e i r percentage of in fec t ion . 
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TABLE - X I I 
TABLE SHOWING INFECTION OP TRYPANOSOMES IN DIFFERENT 
FISHES EXAMINED AND THEIR PERCENTAGE INFECTIVITY 
NO. of NO. 0± % of 
f i s t i e s i n f e c t e d i n f e c -
exafnined f i s h e s t i o n 
Hos t P a r a s i t e 
N o t o p t e r u s 
n o t o p t e r u s 
Cal ta c a l t a 
Ci r rh ina mr iga l a 
Cyprinus ca rp io 
Labeo ro"hi t a 
p u n t i u s t i c t o 
Wallago a t t u 
Mystus v i t t a t u s 
M» t enga ra 
Heteropneus tes 
t o s s i l i s 
C l a r i a s ba t r achus 
X en en to don c a n c i l a 
Cb ann a p u n c t a t u s 
C. s t r i a t u s 
T r i c h o g a s t e r 
f a s c i a t a 
Trypanosoma 82 
no top t e n n . sp , 
T«monomorpha n . s p . 90 
no t observed 4o 
no t observed 60 
T .ba t a i J o s b i , 1978 64 
n o t observed 58 
T« s i d d i q i i n . s p , 115 
no t observed 51 
n o t observed 55 
1* t r i f o i m i s n . s p . 120 
1' b a t r a c h i Qadri ,1962 75 
n o t observed 6o 
1' a l i g a r i c u s n . s p . 142 
n o t observed 80 
T. t r icViogas ter i 148 
n . sp . 
24 
56 
18 
6.09 
4.44 
6.25 
20.S6 
23 
46.66 
24.00 
6.33 
15.54 
Fig. 9 
Histogram showing infect ion of ciLfferent 
trypanosomes in d i f fe ren t f i shes . 
N.SR 1 197^ I N.$f> I H.SR 
T.MONOMORPHA T SIDWQII TBATRACHI T.TRICHOGASTERI 
N.SR N.Sf> 
FIG. 9 
QA0R).)962 N.SR 
»mf\ 
EFFECT OF ECOPHYSIOLOGICAL FACTORS ON THE INCIDENCE 
OF INFECTION OF TRYPANOSOMES 
74 
Hie study of ecology i s e s sen t i a l in order to 
understand the concept of paras i t i sm. in case of p a r a s i t e s 
i t i s not only the host i t s e l f t h a t provides the environ-
ment of p a r a s i t e s , but also the external environment of 
the host (Dogiel/ 1962). Pavlovslci (1934) suggested tha t 
for p a r a s i t e s , two types of environment must be recognised — 
the host body, t h e i r immediate h a b i t a t constitutes t h e i r 
micro-environment but they are also t i e d by many l inks to 
the h o s t ' s external environment which may be termed the 
macro-environment. This two fold associat ion betweoi 
p a r a s i t e s and t h e i r environment has been termed by Th^do-
r ides (1954) as the 'law of the two fold b io tope ' ( lo i du 
dou bl e bi o top e ) . 
undoubtedly, the ecological approach in the study 
of trypanosome problons ca r r i e s utmost weightage as in the 
case of o ther pa ras i to log ica l problan:is for which purpose 
the present s tudies were taken up, Ih i s i s supported by 
the view of Noble & Noble (1961) who have wri t ten 'When a 
p a r a s i t e i s studied by i t s e l f , apar t from i t s environment, 
only a p a r t and often a small Pa r t , of i t s t o t a l biology 
can be understood' . They have fur ther added: 'The modern 
approach to paras i to logy envisages an ecological complex 
formed by the p a r a s i t e , the vector, the host and various 
features of the h o s t ' s environment'. 
75 
As i t was not poss ib le to take up the effect of 
a l l the ecological fac tors anbodied in the micro- and the 
macro-environment, the effect of three such fac to r s , 
namely, the effect of age and l o c a l i t y of the host and • 
seasonal Variat ions were studied during the present course 
of inves t iga t ions . 
7G 
EFFECT OF AGE OF THE HOST ON THE INCIDENCE OF 
INFECTION OF TRYPANOSOMES 
F i s h h o s t s h a v e been Used e x t e n s i v e l y a s a b a s i s 
f o r t h e s t u d y of t h e e f f e c t s of h o s t age on p a r a s i t i s m . 
D o g i e l _et _al. (1958) h a v e shown t h a t age p l a y s an i m p o r t a n t 
r o l e on t h e i n c i d e n c e of p a r a s i t i c f a u n a . Gorbunova (19 36) 
s t u d i e d t h e i n f l u e n c e of age of t h e p i K e and r o a c h on t h e 
p a r a s i t e f auna and d i \ ' i d e d t h e p a r a s i t e s i n t o t h r e e g r o u p s : 
p a r a s i t e s i n d e p e n d e n t i n t h e i r i n c i d e n c e of t h e age of 
t h e h o s t , p a r a s i t e s d e c r e a s i n g w i t h t h e age of t h e h o s t and 
P a r a s i t e s i n c r e a s i n g w i t h t h e age of t h e h o s t . The l a s t 
m e n t i o n e d c a t e g o r y c l e a r l y d o m i n a t e d t h e o t h e r s . The 
P a r a s i t e s n o t o n l y i n c r e a s e d i n t h e i r i n c i d e n c e b u t a l s o 
i n t h e i r i n t e n s i t y . 
T h i s phenomenon was s t u d i e d i n d e t a i l i n c a s e of 
t h r e e f r e s h w a t e r f i s h e s - T r i c h o g a s t e r f a s c i a t a , dhanna 
p u n c t a t u s / and c l a r i a s b a t r a c h u s . T h e i r age g r o u p s were 
d e t e r m i n e d a c c o r d i n g t o t h e s c a l e method and l e n g t h f r e q u e n c y 
me thod r e s p e c t i v e l y as g i v e n i n t h e m a t e r i a l s and m e t h o d s . 
l* Eff e d t of age of T r i c h o g a s t e r f a s c i a t a on t h e i n c i d e n c e 
of i n f e c t i o n of Trypanosoma t r i c h o g a s t e r i n . SQ, J 
The f i s h e s e x a n i n e d b e l o n g e d t o t h e age g r o u p s 0 
and 1 y e a r s . P i s h e s o l d e r t h a n 1 y e a r s were n o t found 
i n any l o c a l i t y i n d i c a t i n g t h a t e i t h e r t h e s e f i s h e s h a v e 
77 
a short l i f e - s p ^ or they are captured in l a rge niimbers 
for biological inves t iga t ions so t h a t they hardly have a 
chance to grow to t h e i r fu l l lif&-span. Fishes belonging 
to 0 age group showed an infect ion of 8»05% while those of 
1 age group had 20.93% infect ion (Table Xlll, Fig. lO). 
2* Effect of age of cihanna punctatus on the incidence 
of infect ion of Tryp ano som a a l iga r i cus n. sp. : 
inves t iga t ions were carr ied out on f i shes belonging 
to the age groups 0 to 6 years . 
The s tudies showed tha t the f i shes of 0 to 2 years 
were completely f ree from infect ion, whereas 4.55% infeo-
+ 4" 4* 
t ion in 3 years ; 5.00% in 4 years , 14.28% in 5 years and 
16.66% in 6 years was observed (Table XIV# Fig. 11), 
3, Effect of age of d a r i a s batrachus on the incidence 
of infect ion of Trypanosoma batrachi Qadri, 1962: 
Clarias batrachus f i shes excjnined for t h i s purpose 
belonged to age groups O to 5 years . 
As in the previous case, f i shes of the lower age 
4* 4* 
groups O and 1 years were in fec t ion- f ree , the remaining 
age groups showing the following degree of i n f e c t i v i t y -
2^^ years - 18.18%; 3'*' years - 14.28%; 4*" years - 46.15% 
and 5"*" years - 53.33% (Table XV, Fig. 12). 
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Discussion: 
p r a c t i c a l l y no work has been done on the age 
dynamics of p a r a s i t e fauna and p a r t i c u l a r l y the l i t e r a t u r e 
of age dynamics on p i sc ine trypanosomiasis lags fa r behind. 
Noble & Noble (1961) pointed out, "Older animals 
have l a rge r numbers of p a r a s i t e s than do younger animals 
of the sane species". Dogiel (196 2) held s imilar views -
"For fresh water f i shes , i t i s therefore c l ea r ly poss ib le 
to pos tu la t e the ru le of general increase in the i n t e n s i t y 
and incidence of in fes ta t ion with the age of the host" . 
The above s tudies show t h a t in the case of the three 
freshwater f ishes studied, e i t he r there was a complete 
absence of trypanosomes or a lower degree of infect ion in 
the younger f i shes as compared to the older ones. The 
medium-sized f ishes showed a moderate degree of infec t ion 
whereas f ishes of the higher age group were most heavi ly 
infec ted . Generally* there was a gradual increase in 
infec t ion with the increase in the age of the host . But 
I.* batrachi showed a s l i g h t l y higher incidence (18,18%) 
^^ CIarias batrachus of 2 years than those of 3 years 
(14,28%), But t h i s difference i s i n s ign i f i can t (p > 0.01) 
as also in the case of T. a l iga r icus n, sp, the difference 
i s i n s ign i f i can t in medium-sized f ishes of 3 and 4 years , 
on the other hand, a highly s ign i f i can t var ia t ion (p < 0,001) 
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ex i s t s between the i n f e c t i v i t y in f i shes of 2 and 6 
years of age. Bower & Wbo (1979) reported higher incidence 
(33%) of Trypanosoma catostomi in juven i l e Catostomus 
commersoni as compared to the adult f ish (4%), But the 
present findings are in agreement with Noble & Noble (1961) 
and Dogiel (1962). The reasons for t h i s phenomenon 
d i f fe r from one species of the p a r a s i t e to another whicb 
may be varied or mul t ip le . Ecologically speaking, as the 
f i sh increases in age, so does i t s s i ze and length thereby 
increas ing the surface area for attachment of the i n t e r -
mediate host , the leeches. This f a s c i l i t a t e s the 
transmission of the in fec t ive trypanosomal stages from the 
leeches to the f i sh . Further, as the age of the host 
increases , progressive accumulation of p a r a s i t e s takes 
p lace from year to year, physiological ly , the younger 
f i shes are more act ive and hence the leeches may not get a 
chance to attach thenselves on the f i sh and would thus 
f a i l to t ransmit the trypanosomes whereas the o lder f ishes 
are more sluggish in t h e i r habi t and chances of leech-f ish 
associat ion gre grea te r . 
EFFECT OF THE AGE OF THE HOST ON THE INCIDENCE OF 8 0 
INFECTION OF TRYPANOSOMES 
TABLE - X I I I 
HOST - TRICHOGASTER PARASITE - TRYPANOSOMA 
FASCIATA TRICHOGASTERI N. SP. 
7~7 7 NO. o f f i s h e s No . o f i n f e c - % o f 
Age o r n o s t e x ^ i n e d t e d f i s h e s i n f e c t i o n 
O'*" 62 5 8 . 0 6 
l"*" 86 1 8 2 0 . 9 3 
TABLE - XIV 
HOST - CHANNA PUNCTATUS PARASITE - TRYPANOSOMA 
Age 
HOST 
Age 
of h o s t 
0 + 
1 + 
2-^ 
3+ 
4-^ 
5-^ 
6-^ 
• 
- CLARIAS 
o f h o s t 
0+ 
1-^ 
2-^ 
3+ 
4+ 
5-^ 
NO 
ex 
. o f f i s h e s 
cfnined 
20 
1 8 
17 
22 
20 
21 
24 
TABLE -
BATRACHUS 
NO 
e x 
. o f 
dn in ( 
10 
12 
1 1 
1 4 
1 3 
15 
f i s h e s 
sd 
NO. 
t e d 
• XV 
ALIGARIOJS N. SP. 
o f i n f e o -
f i s h e s 
0 
0 
0 
1 
1 
3 
4 
% o f 
i n f e c t i o n 
0 
0 
0 
4 . 5 5 
5 , 0 0 
1 4 . 2 8 
1 6 . 6 6 
PARASITE - TRYPANOSOMA 
BATRACHI QADRI , 1 9 6 2 
NO. 
t e d 
o f i n f e o -
f i s h e s 
0 
0 
2 
2 
6 
8 
% o f 
i n f e c t i o n 
0 
0 
1 8 . 1 8 
1 4 . 2 8 
4 6 . 1 5 
5 3 . 3 3 
p i g . 10 
Histogram showing infect ion of Trypanosoma 
t r i chogas t e r i n . sp . in Trichogaster f asc ia ta 
during ciLfferent age groups. 
0 " 1 + 
AGE (IN YEARS) 
FIG. 10 
Fig. 11 
Histogrgn showing infec t ion of Trypanosoma 
a l igar icus n. sp. in Cbanna punctatus 
during di f ferent age groups. 
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Fig. 12 
Histogram showing infect ion of Trypanosoma 
batrachi Qadri, 195 2 in C3. ari as batrachus 
during d i f fe ren t age groups. 
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EFFECT OF LOC^ITY OF THE HOST ON THE INCIDENCE 
OF INFECTION OF TRYPAN0 30MES 
F i s h e s were c o l l e c t e d from s i x d i f f e r e n t l o c a l i t i e s 
as m e n t i o n e d e a r l i e r i n t h e m a t e r i a l s and m e t h o d s . i i p a r t 
from t h e s e , f i s h e s were a l s o p r o c u r e d from t h e l o c a l f i s h 
m a r k e t and t h e e x a c t l o c a l i t y of t h e s e f i s h e s c o u l d n o t 
be a s c e r t a i n e d . 
The d i f f e r e n t l o c a l i t i e s showed v a r i a b l e d e g r e e s of 
t r y p a n o s o m e i n f e c t i v i t y ( T a b l e XVI, , P i g . 13) r a n g i n g from 
0% t o 24.59%. The v a r i a t i o n i n i n f e c t i o n a c c o r d i n g t o 
d i f f e r e n t l o c a l i t i e s goes t o show t h a t t h e i n c i d e n c e of 
i n f e c t i o n of p a r a s i t e s i s g r e a t l y i n f l u e n c e d by t h e l o c a l i t y 
i n which t h e h o s t l i v e s . s i m i l a r f i n d i n g s were r e p o r t e d by 
M i s r a e t a l . (1973) who o b s e r v e d t h e i n f e c t i v i t y of 
Z* g a c h u i i i n channa gachua from o n e l o c a l i t y w h e r e a s t h e 
o t h e r l o c a l i t y p r o v e d n e g a t i v e f o r t h e / p a r a s i t e and Bower 
& W30 (1979) a l s o r e p o r t e d t h e o c c u r e n c e of T. c a t o s t o m i i n 
Ca tos tomus commersoni from 6~10 l o c a l i t i e s o u t of t h e 33 
examined . Each l o c a l i t y h a s i t s own c h d ^ i c a l c o m p o s i t i o n / 
i n v e r t e b r a t e f a u n a and e n v i r o n m e n t a l c o n d i t i o n s which 
c o n s t i t u t e s t h e so c a l l e d m a c r o - e n v i r o n m e n t of t h e p a r a s i t e . 
Moreover , t h e p o p u l a t i o n and i n f e c t i v i t y of t h e i n t e r m e d i a t e 
h o s t a l s o v a r i e s from one l o c a l i t y t o a n o t h e r . A l l t h e s e 
f a c t o r s combine t o g e t h e r t o make a l o c a l i t y , t y p i f i e d by i t s 
own u n i q u e f e a t u r e s which may be r e s p o n s i b l e f o r t h e v a r i a -
b i l i t y of i n f e c t i o n i n d i f f e r e n t l o c a l i t i e s . 
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TABLE - XVI 
INCIDENCE OF INFECTION OF TRYPANOSOMES IN FISHES 
OF DIFFERENT LOCALITIES 
L o c a l i t y of 
hos t . 
NO. of f i s h e s 
examined 
NO,of i n f e c t e d % of 
f i s h e s i n f e c t i o n 
A 
B 
C 
D 
E 
F 
M a r k e t 
1 8 0 
1 7 8 
1 6 2 
1 2 5 
1 0 1 
1 0 4 
390 
32 
24 
40 
9 
0 
0 
38 
1 7 . 7 7 
1 3 . 48 
24 ,69 
7 , 2 0 
O 
O 
9 , 7 1 
Fig. 13 
HistxDgram showing infect ion of trypanosomes 
in d i f ferent l o c a l i t i e s . 
* Fishes col lected from the local f i sh market. 
w 
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EFFECT OF SEASONi^ :. VARIATIONS ON THE INCIDENCE 
OF INFECTION OF TRYPANOSOMES 
Seasona l changes i n n a t u r e a r e v e r y s h a r p l y 
r e f l e c t e d I n o r g a n i c l i f e (Dogie l e t al_., 1 9 5 8 ) , I t i s 
n a t u r a l t o e x p e c t t h a t p a r a s i t e s a r e no e x c e p t i o n t o t h i s 
r u l e . The annua l c y c l e of c l i m a t i c changes a f f e c t s t h e 
i n c i d e n c e of some s p e c i e s of p a r a s i t e s as i s e v i d e n t from 
c a s e s r e c o r d e d i n l i t e r a t u r e . 
The e f f e c t of s e a s o n a l changes on t r y p a n o s o m e 
i n f e c t i o n was s t u d i e d d u r i n g t h e y e a r 1 9 7 9 - 1 9 8 0 . The 
annua l c y c l e was d i v i d e d i n t o f o u r s e a s o n s - summer (May 
t o J u l y ) , autumn (Augus t t o O c t o b e r ) , w i n t e r (Novanber t o 
J a n u a r y ) and s p r i n g ( F e b r u a r y t o j p r i l ) . No i n f e c t i o n 
was r e c o r d e d i n summer; autumn showed 9.52% i n f e c t i o n ; 
w i n t e r 28,37% and s p r i n g o n l y 2 ,63% ( T a b l e XVII, F i g . 14) 
t h e r e b y showing t h a t i n f e c t i o n i n w i n t e r s c l e a r l y domina t ed 
t h a n i n o t h e r s e a s o n s . 
Dog ie l (196 2) c o r r e c t l y p o i n t e d o u t t h a t t h e s e a s o n a l 
changes i n t h e i n c i d e n c e of p a r a s i t e f a u n a i s a complex 
phenomenon d e t e r m i n e d by many a b i o t i c and b i o t i c f a c t o r s . 
The m o s t i m p o r t a n t smong t h a n a r e t h e c l i m a t i c f a c t o r s , 
s p e c i a l l y t e m p e r a t u r e . sukhanova (1959# '62) p r o v i d e d c l e a r 
e x p e r i m e n t a l p r o o f of t h e r e l a t i o n be tween t h e t e m p e r a t u r e 
t o l e r a n c e of t h e p a r a s i t e and t h e t e m p e r a t u r e of t h e 
e x t e r n a l e n v i r o n m e n t . 
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Bower & w o (1979) and Letch & Ball (1979) reported 
higher incidence of trypanosome infect ion during summer 
months. However, o a t t r e l l (1977) recorded higher incidence 
in March which declined during stammer months and josh i 
(1978a) noted infect ion only in December, Daring the 
presen t s tudies , h ighes t infect ion was observed during 
winters which i s in agreement with Joshi (1978a). Like 
every l i v ing organism, f ish trypanosomes too maY require an 
optimum temperature for t h e i r survival . As India i s a 
t rop ica l country i t s t^nperature during winters may be 
s imi lar to t ha t in summers of temperate countr ies . This 
might be a probable reason for the prevalence of trypano-
some infect ion in winters in the t rop ica l and in summers 
in the temperate count r ies . 
The f ishes during sxjmmers are most ac t ive and the 
leeches are deprived to get a chance to suck f ish blood. 
Hence no infect ion was observed during summers. Most of 
the f ishes exa^nined spawn in autumn when t h e i r a c t i v i t i e s 
slow down, hence s l i g h t infect ion was recorded during t h i s 
season. curing the pos t spawning period and re s t ing 
phase i . e . , winters , the f ishes are spent-up and exhausted 
and are very l e t h a r g i c in nature . I t i s during these 
months t ha t the leeches also increase in numbers, they 
suck the blood of the already exhausted f i sh and transmit 
the in fec t ive trypanosomal stages resu l t ing in high 
incidence of trypanosomes during winters . 
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TABLE - XVII 
EFFECT OP SEASONAL VARIATIONS ON TRYPANOSOME 
INFECTION 
sea son 
summer 
Autxjjnn 
W i n t e r 
^ r l n g 
NO . o f f i s h e s 
ex^piined 
206 
189 
215 . 
190 
NO, , of i n f e i 
f i s h e s 
0 
18 
61 
5 
c t e d % of 
i n f e c t i o n 
0 
9 . 5 2 
28«37 
2 . 6 3 
Fig. 14 
liistogrsm shov/ing infec t ion of trypanosomes 
due to seasonal Variat ions. 
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8G 
R E M A R K S 
The effect of three ecological fac tors , namely* 
age/ l o c a l i t y and season on the incidence of infect ion of 
trypanosomes has been studied revealing var iab le degrees 
of i n f e c t i v i t y due to them. Although the effect of each 
fac tor has been studied separately/ i t i s necessary to 
poin t out t ha t the effect of the environment as such i s 
a complex phenomenon and not only does each fac tor 
affect the incidence of a p a r a s i t e as a un i t , but also, 
one fac tor affects another/ and so on the whole the 
environment as such (micro- as well as macro -) plays an 
important ro le on the incidence of in fec t ion . 
HOST SPECIFICITY IN TRYPANOSOMES 
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Host spec i f i c i ty re fers to the pecu l ia r mutual 
adaptation which r e s t r i c t s a p a r a s i t e to i t s host species 
(Noble SJ Noble^ 1961). ^ e c i f i c i t y can be viewed as the 
a f f in i ty of the p a r a s i t e with some def in i t e host species 
o r a group of species (environment)^ expressed as the 
adaptation to tha t host or a group of hos ts . The p a r a s i t e ' 
i s spec i f ic (adapted) to the host , j u s t as the host i s 
spec i f ic to the p a r a s i t e . 
The problem of host spec i f i c i ty among f ish trypanosomes 
has gained impetus during the pas t years . Bak:er (I960) 
studied Trypanosoma mukasai from the blood of seven species 
of f i shes ; Becker (1967) recorded T. occi den t a l i s from 
three species of fresh water t e l e o s t s and Khan (1977^) 
reported T. murmanensis from seven species of marine t e l e o s t s 
which can be c i ted as examples of broad host spec i f i c i ty , 
i . e . , the same species of p a r a s i t e adapting i t s e l f to 
d i f fe ren t hos t s . Further, d i f fe ren t authors have recorded 
d i s t i n c t l y separate species of trypanosomes from the same 
host which i s qui te contrary to the above examples. 
Trypanosoma punctat i Hasan & Qasim, 1962; T. elongatus 
Raychaudhuri & Misra* 197 3; T. channai Narsimhanurti & 
Saratchandra* 1980 and T. a l iga r icus n . sp . are the trypano-
some species recorded from Channa punctatus; T. saccobronchi 
Castel lani & wiHey/ 1905- '06; T. danileswky var, nov. 
saccobronchi Qadri, 196 2; T. mukundi Raychaudhuri & Misra, 197 3 
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and T, t r i formls n. sp. from Heteropneustes f o s s i l l s and 
T. batrachi Qadrl^ 1962; T. maguri Tandon & Joshi , 1973 
and T. qadr l l Narasimhanurti & Saratchandra, 1980 from 
CI a r i a s batrachus are the examples of mul t ip le trypanosome 
infect ion in a s ingle host species showing narrow spec i f i -
c i t y of f i sh trypanosomes. 
During the presen t work/ trypanosomes belonging to 
8 species of infected f ish were studied and i t was found 
tha t no two host species harboured the same species of 
trypanosomes (Table XI), though some f i shes were col lected 
from the seme ecological niche, but showed d i f f e ren t i a l 
infect ion in d i f fe ren t f i shes . Similar findings were 
reported by Mandal (1979) who a t t r i b u t e d t h i s phenomenon to 
host spec i f i c i ty . whereas two s t r a i n s of a given p a r a s i t e 
might in fec t a f ina l host with ecfual f a c i l i t y , they may not W 
equally in fec t ive to a given s t r a in of t ranspor t host 
(Noble & Noble, 1961). Hence i t i s not only the d i f fer -
en t i a l host preference of the trypanosomes but also tha t 
of the leeches which may prefer blood of a p a r t i c u l a r host 
species. The trypanosomes in fec t ing those leeches which 
are indiscr iminate in t h e i r choice of prey are more widely 
host spec i f ic and may be inoculated by such a leech to 
any susceptable f i sh within i t s range with the same 
species of trypanosome as observed by Becker (1967), This 
r e s u l t s in wide host spec i f i c i ty . But some leeches may be 
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very specif ic in t h e i r choice of prey, feeding only on 
one species of f i sh . I t may also be poss ib le tha t d i f fe ren t 
leeches infected with d i f fe ren t species of trypanosornes 
may p re fe r the same f ish as i t s prey. This would obviously 
r e s u l t in the infec t ion of one host species with d i f fe ren t 
species of trypanosornes. Moreover, in most of the cases, 
d i f fe ren t species of trypanosornes were recorded from the 
seme host from di f fe ren t p laces . Here again, ecology 
plays an important ro le and i t has been cor rec t ly pointed 
out by Dogiel (196 2) t h a t spec i f i c i t y i s an ecology-dependent 
phenomenon. in case of p a r a s i t e s , the environment as such 
influences the host . Again, the host cons t i tu t e s the 
micro-environment of the p a r a s i t e which in turn influences 
the existence of the p a r a s i t e . The host reac t s to the 
presence of the p a r a s i t e through i t s mechanism of defence. 
The p a r a s i t e s therefore not only adjust morphologically and 
phys io logica l ly but must also have the a b i l i t y to overcome 
the defensive mechanisms of the host , when the p a r a s i t e 
i s able to do so, a hos t -pa ra s i t e systei:i i s es tabl ished. 
Host spec i f i c i ty i s a gene t ica l ly re la ted manifestat ion, 
^ e c i f i c i t y can therefore be viewed as the a f f in i ty of 
the p a r a s i t e with some host species expressed as the 
adaptation to tha t host . J a i r a jpu r i (1974) while working 
on host spec i f i c i ty of b i rd nematodes had pointed out 
t h a t in order to understand t h i s phenomenon^ the geographical 
so 
d i s t r i bu t i on , i n t r a - s p e c i f i c va r i a t ions and l i f e h i s to ry 
of the p a r a s i t e must be studied in grea t d e t a i l s . The 
above findings i n f e r tha t a l l the important agencies, 
v iz , the p a r a s i t e , vector , host , environment, and geogra. 
phical d i s t r ibu t ion play important ro les in determining 
the hos t spec i f i c i ty of p i sc ine haonoflagel la tes . 
»^f 
EFFECT OF TRYPANOSOMES ON THE HAEMATOLOGICAL 
VALUES OF THE BLOOD OF HOST 
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Haanatological values of f i shes f luc tua t e highly 
under varying ecophysiological and biological conditions 
CJos'hi et a l . , 1980)/ but i t i s very d i f f i c u l t to search 
out any one fac tor and find out i t s effect on the blood 
values. A normal or heal thy looking fish may be qui te 
ser ious ly infected' and the infect ion may sometimes be 
heavy. s tudies on the effect of protozoan p a r a s i t e s on 
the blood p i c tu r e have not been properly studied 
spec ia l ly in freshwater f i shes , josh i (1978b) observed 
t h a t asphyxiation causes a l t e ra t ion in the haematological 
values of f i shes and von Brand (197 3) also observed t h a t 
trypanosomes cause asphyxiation in f i shes . Macksimova 
(1954) had given an account of blood p i c t u r e of perca 
infected with helminth p a r a s i t e s and Enomoto (1959) 
observed changes in blood ce l l s of f ishes during disease. 
^ survey of the l i t e r a t u r e reveals t ha t hardly any 
s ign i f i can t work has been done on the physiopethology of 
blood of f ishes infected with trypanosomes. Therefore 
i t was decided to observe the physiological changes in 
the blood of the two species of freshwater f i shes , which 
were found highly infected with trypanosomes. 
Material and Methods; 
The f ishes which were brought to the laboratory 
fo r the study of p a r a s i t e infect ion were also used for 
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haaniatological observat ions, Tbese f ishes were allowed 
to r e s t in order to bring then:i to t h e i r near normal 
condition due to s t r e s s caused by t ranspor ta t ion . Their 
blood was taken in the same way as has been given e a r l i e r 
and blood films v;ere made. Blood films of the infected 
and healthy f ishes a f t e r careful observation were separated 
and d i f fe ren t i a l blood ce l l counts and morphological 
s tudies of blood c e l l s were made on both the groups/viz . , 
infected and healthy f i shes , 
Ototal blood counts were made with the help of 
Neubauer's improved double counting s l ide and Haenocyto-
meter, Haanoglobin concentration was determined with the 
help of sohli 's Haemometer. 
Results and observat ions: 
The Values obtained for the infected f ishes 
evidently show marked changes as compared to the healthy 
f i shes . Total erythrocyte count (TEC?) was lower in both 
the infected f i shes , i . e . / Clarias batrachus and channa 
punctatus (Fig. 15 & 16) as compared to healthy f ishes 
of these species. Total leucocyte .count (TLC) increased 
in the diseased f i shes whereas h&enoglobin (Hb) percentage 
reduced to 9% in comparison to 14% in healthy Clarias 
batrachus. I t was 9% in pa ra s i t i z ed C. punctatus as 
compared to 12% in heal thy ones. 
G3 
The d i f f e ren t i a l leucocyte counts (DLC) in both 
the species of f i shes chosen showed almost iden t i ca l 
r e s u l t s (Tabic XVIII). 
Lymphocytes; Lymphocytes of _C. batracbus increased by 
about 4% whereas in C. punctatus by 7% in infected f ishes 
as compared to the normal healthy f i shes . 
Monocytes; The number of the agranular leucocytes showed 
a conspicuous r i s e in both the species of infected f ishes 
being 25.2+2,3 in C. batracbus and 23,4+4,7 in C.punctatus. 
Neutrophils; These granulocytes which have a maximum 
percentage in the blood showed a reverse pa t t e rn to tha t 
of agranulocytes. The number of neutrophi ls declined 
sharply in infected f i shes being 14,1+4.0 in c. batracbus 
(Fig. 17) and 16,1+3.2 in c. punctatus (Fig.lS) in compari-
son to the normal values of 27,2+4.3 and 31.02+4,1 in 
C. batracbus and C. punctatus respect ively . 
Eosinophils; These types of granulocytes are very few in 
number and may sometimes even be absent in blood (Dabral/ 
1980), These were found in almost a l l the blood smears 
and showed a marked elevation in the infected f i shes 
being sometimes 45% more than in the normal healthy f i shes . 
The mean value shows tha t eosinophils e levate sharply in 
infec ted c. batracbus (Fig, 17) and moderately in infected 
C.punctatus being 3.2+1.1 as compared to 2.3+0,5 in 
heal thy f i shes (Fig. 18). 
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Basophils; Basophils were observed ra re ly in the blood 
films of the two species of infected and healthy f i shes . 
But surpr is ingly some films having very high infect ion 
had even 8~10% basophils , whereas the healthy f i shes 
had only 0.4% to 1.5% basophils . 
These observations show t h a t in general, the per-
centage of agranulocytes and granulocyte ce l l s of 
leucocytes i s higher in infected f i shes exc^jt for the 
neutrophi ls which decline s ign i f i can t ly (P < 0.001) in 
both the species of infected f i shes . 
Discussion; 
From the foregoing r e su l t s i t i s es tabl ished tha t 
trypanosomiasis in f i shes causes not iceable changes in 
the haenatological values of f i shes . Ea r l i e r (snimova# 
1971; j o s h i , 1973; Tandon & Joshi , 197 3; Dabral/ 1980) 
had also pointed out in d i f ferent species of freshwater 
f ishes t ha t haenoglobin concentration and erythrocytes of 
blood decreased due to the load of infect ion of trypano-
somes. Joshi (197 3) had observed t h a t as the i n t ens i t y 
of infect ion increased, the values of TEC and haeiTioglobin 
concentration decreased while on the other hand, TLC 
increased in the same r a t i o . Contrary to t h i s , Dabral 
(1980) observed marked changes in TLC in mild infect ion 
of trypanosomes but in s ign i f i can t difference was 
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observed when the infect ion was very heavy in the two 
cat f i shes . inc ident ly no one bas given any de f in i t e 
reason for these changes and whether the presence of hae-
moflagellates was responsible for t h i s or not . According 
to von Brand (197 3) the trypanosomes possibly procSuce some 
toxic, substances which could be responsible for the 
changes. The present s tudies show s ign i f i can t ( P < 0 . 0 0 1 ) 
differences in the composition of c e l l u l a r components of 
blood, one poss ib le reason may be tha t these may be 
due to the in te r fe rence of some by products or end pro-
ducts of the metaboli tes of these hanof lagel la tes , 
annimova (1965) observed tha t the number of leucocytes 
in the blood of f i shes correspond to the time and amount 
of food eaten/ probably due to some act ive ro le played by 
these c e l l s a f te r feeding. Joshi (1979c) also observed 
t h a t TEC and haenoglobin concentration decreased i f the 
f i sh was motionless with occasional slow movenents due 
to s ta rva t ion . He also pointed out tha t a t low tenpera-
tures the r a t e of body metabolism was lowered and the 
concentration of henoglobin declined as the metabolic 
a c t i v i t i e s decreased due to l e s s consumption of oxygen. 
The sane mechanism i s t rue in the present study where 
due to trypanosomiasis f ishes become aneiaic and suffer 
from asphyxiation and suffocation and the metabolic 
a c t i v i t i e s decrease causing low concentration of haenoglobin. 
96 
Further/ the author observed tha t nuclear frag^ 
ments/ basket c e l l s and ce l l cas ts were more in the 
infected fisbes^ which points out tha t ce l l f r a g i l i t y 
increases and t h i s leads to the f a l l in l i f e span of the 
Various c e l l s , as a r e s u l t there p e r s i s t s a tendency of 
erythropenia/ in general . This causes extra demand of 
the Various ce l l types, as a r e s u l t more henoblasts are 
released in to c i rcu la t ion but the number of neut rophi ls 
f a l l conspicuously (Table XIX). phagocytosis in order 
to rennove the p a r a s i t e s or autophagy can also ex i s t , i . e . 
macro graph ages might also be involved in removing the 
ce l l -Cas t which increases in the blood vascular systen 
as a r e su l t of increased ce l l f r a g i l i t y during trypano-
somiasis. 
^ i n t e r e s t i n g aspect was the increase in TLC under 
infect ion which i s in agreanent with the s tudies of 
j o sh i (1979c) and Dabral (1980), but contrary to the 
stvidies of Pandey & Pandey (1974) who observed tha t 
neutrophi ls also increased due to trypanosomiasis. I t i s 
pos tu la ted tha t e i t h e r i t i s due to in te r fe rence of some 
tox ic products of the hemoflagellates or a process of 
gradual immunization being achieved by the ret iculoendo-
t h e l i a l systsn of the host f i sh . However, t h i s needs 
fur ther ve r i f i ca t ion and more de ta i led s tudies of the 
concept of immunization. 
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m i n t e r e s t i n g study in Ran a t i g r i n a was made by-
Singh (1977) who observed that blood of this frog has 
an inverse re la t ionship between the neutrophi ls and 
lymphocytes and as the monocytes increased/ the number of 
lymphocytes also increased and i t i s assumed tha t i nd i -
vidual leucocytes depend upon the physiological s t a t e of 
the animal and c l imat ic conditions of i t s hab i t a t , mainly 
the ecophysiological condition. The same appears to be 
t rue with cold blooded animals i . e . , f ishes of the 
presen t study. 
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Fig. 15 
Hae:natological values of Cl ar i as batrachus 
c3uring d i f fe ren t pbysiopathological conditions. 
TEC - Total erythrocyte counts 
TLC - Total leucocyte counts 
Hb - Haenoglobin 
^ H E A L T H Y FISH 
INFECTED FISH 
r32 
Fig. 16 
Haanatological values of Cihanria punctatus 
during d i f fe ren t physiopathological conditions. 
TEC - Total erythrocyte counts 
TLC - Total leucocyte counts 
Hb - Haemoglobin 
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Fig. 17 
Histogram showing differential leucxjcyte 
counts (DSLC) in Cl ari as batracbus. 
LM - Lymphocytes 
MO - Monocytes 
NE - N e u t r o p h i l s 
EO - Eosinophils 
BA - Basophils 
^ HEALTHY FISH 
INFECTED FISH 
f60 
pig. 18 
Histogram showing differential leucocyte 
counts (DLC) in Cbanna punctatus. 
LM - Lymphocytes 
MO - Mono c y t e s 
NE - N e u t r o p h i l s 
EO - Eosinophils 
BA - Basophils 
^ HEALTHY FISH 
INFECTED FISH 
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EFFECT OF TRYPANOSOMES ON THE BIOCHEMICAL 
CONSTITUENTS OF THE BLOOD OF HOST 
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Disturbances in the biochenical cons t i tuents and 
metabolic a c t i v i t i e s of the hos t occur frequently in 
protozoan infec t ion . Trypanosomes cause abnormalities 
not only in the physiology of the body but also sometimes 
consume a l l the blood sugar and reserve carbohydrates 
Causing breakdov;n of l i v e r function leading to the death 
of the infected animals. The l i t e r a t u r e reveals t h a t 
trypanosomes cause asphyxiation^ hypoglycenia/ hypol i -
pemia, trypanosomiasis, e t c . , but these studies are 
mainly confined to higher ver tebra tes (scheff, 1928; 
Hoare, 19 36; Clark, 1959; Bowman et a l . , 1960; Krampitz, 
1961; Lelchuk let s i , ,1970; CDllins e t a l . , 1971; Evans 
Sc Brown, 1972; VJiger, 1978). 
The presen t study deals with the influence of 
trypanosomes on the biochemistry of f i sh blood mainly and 
i t s effects on host physiology and t i s sues of the body. 
Material and Methods: 
The f ishes were sacr i f iced as described e a r l i e r to 
take out the blood. Biochemical s tudies were made during 
the post-spawning period (Novenber, December) of f i sh 
when the infect ion was at i t s peak. Care was takeri to see 
t h a t a l l the healthy (non-infected) and diseased (infected) 
f i shes were approximately of the sane s ize - C. batrachus 
(20-25 cm), H. f o s s i l i s (18-22 cm), C. punctatus (20-24 cm) 
i O l 
and W, at tu (25-30 cm) and from the sane l o c a l i t y to 
avoid influence of ecophysiological factors-age# season, 
and l o c a l i t y on the f i sh . Determination of glucose, 
choles te ro l , pro te in , a lka l ine and acid phosphatase was 
made, following the standard techniques as given by 
Oser (1965). 
Resul ts ; 
The glucose level of blood of a l l the four species 
of f ishes declined in infected f ishes being 41,2 + 3,2, 
£* ^atrachus; 38.7 + 2,8; H. f o s s i l i s ; 45,7 + 4,2, 
£' P^nctatus; 6o*3 + 5.7, yjollago at tu as compared to 
normal values of 65.3 + 2,2, 62.3 + 3.2/ 77,3 + 6,2, 
80,2 jh 7,8 respect ively in these f i shes (Table XX, Fig.l9) 
Cholesterol on the o ther hand showed a very modest 
f a l l (Fig. 20) ranging from 8% to 16% in a l l the f i shes 
which were infected with trypan©somes. The maximum loss 
of 16% (Table XX) was recorded in Heteropneustes fo s s i l i s* 
protein being 4.6 3 + 0.12 in C, batrachus in the 
heal thy f ishes rose to 5,31 + 0.21 in the infec ted f i shes , 
in H. f o s s i l i s , the p ro te in content rose to a maximvim of 
15% in infected f i shes as compared to the healthy ones. 
£• pm^ctatus showed l i t t l e effect of the load of infec-
t ion , whereas in W. at tu the values elevated sharply in 
infec ted f ishes being 6.03 + 0.12 against 5,22 + 0.34 
(Table XX) in the heal thy ones (Fig. 21). 
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Activi ty of a lka l ine and acid phosphatase w a^s 
inverse ly proport ional to each other . in a l l the four 
species , the a c t i v i t y of a lka l ine phosphatase in infected 
f i shes increased (Fig. 22). I t v/as 6,23 + 0.41 in 
C. batrachus; 6.02 + 0.11 in H. f o s s i l i s ; 6,41 ± 0.23 in 
C, punctatus and 5,12 ± 0.81 in W. a t tu as compared to 
5.73 ± 0,20, 5,82 + 0.14, 4.92 + 0.81 and 4,51 + 0.41 
respect ive ly in heal thy f i shes . Acid phosphatase, showed 
approximately the same percentage of f a l l (Table XXI, 
Fig, 23) as the a lka l ine phosphatase increased reaching 
minimum value in infec ted H. f o s s i l i s which was 2.01 + 
0.16 (Table XXI). 
Discussion: 
I t i s evident from the values obtained in these 
observations tha t blood glucose, cholesterol and acid 
phosphatase ac t iv i ty decreased in infected f i shes as 
compared to healthy ones, out of the four species of 
f i shes , the maximum loss of glucose level (P < 0.001) 
Was observed in C. punctatus , whereas cholesterol 
declined to the maximum degree (P < 0.01) liy about 16% 
in H. f o s s i l i s ; p ro te in level on the other hand showed 
an ins ign i f i can t r i s e (P > 0,01) in a l l the three 
species except H. f o s s i l i s where the i n t e n s i t y of 
infec t ion was highest and pro te in level also elevated 
s ign i f i can t ly (p < 0,01) . s t a t i s t i c a l analysis revealed 
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t ha t the differences in a lkal ine phosphatase a c t i v i t y of 
healthy and infected f ishes were s ign i f i can t (p<:o,01), 
except in C. batrachus where the low values in the 
healthy f ishes did not show any s ign i f i can t difference, 
Tandon & Joshi (1974) observed tha t the f i shes 
infected with trypano somes in blood of some t e l e o s t s caused 
a s ign i f ican t decrease in the blood glucose l e v e l . 
Results of snimova (1970) also f a l l on the same l i n e . 
Further, i t has been es tabl ished tha t the presence of 
pathogenic trypanosomes among higher ver tebra tes cause 
a considerable f a l l in the blood sugar and may even 
sometimes lead to the death of the animal due to the 
condition known, as glycopyruvic in toxica t ion (von Brand/ 
197 3). I t may be poss ib le tha t the pathogenic trypano-
somes consume so much sugar in the blood stream tha t 
they cause exhaustion of the carbohydrate reserves of 
the host . AS a r e s u l t the level of glucose decl ines 
s ign i f i can t ly (p < 0,001) in the f ish blood. This view 
i s also in agreement with schem (1925, '28). 
Ihe low level of cholesterol of infected f ishes 
was Very surpris ing but i t had been establ ished e a r l i e r 
t h a t the blood l eve l s of cer ta in l i p i d s including 
choles terol are qui te var iab le . Blood cholesterol level 
was found to be normal (Linton, 1930), elevated (Ada & 
Pulton, 1948) , and decreased (Lippi & sebas t iani , 1958) 
i04 
during trypanosomiasis/ but a l l these s tudies were in 
higher ver tebra tes spec ia l ly in mctnmals. Hence our 
r e s u l t s are in agreement with Lippi & sebast iani (1958). 
The physiological bas is for such changes in unknown as 
bas already been s ta ted by von Brand (1973). 
"Ihere i s l i t t l e concrete evidence to ind ica te 
s ign i f i can t irnpairment of p ro te in absorption during para-
s i t i c infec t ion . A l i t t l e r i s e in pro te in level of blood • 
may be due to the fac t t ha t during the infect ion of 
trypanosomes/ the level of globulins spec ia l ly the 
^ -g lobul in r i s e s . Changes seen in blood pro te in of 
f ish s imi lar to those found in mani*s serum and the cere-
brospinal f lu id during the l a t e r stages of human s l e w i n g 
sickness show pronounced increase in y - g l o b u l i n (Janssens 
e t al»/ 1961). 
Oornille & Homung (1968) also s ta ted tha t man 
infec ted with T. rhodesiense may have very high igM and 
i g G l eve l s (fract ions of immunoglobulins) despi te show-
ing approximately normal ^ ~9l'^t)Ulin values. The sane 
f ac t may also be t rue in f i shes where cer ta in f rac t ions 
of pro te in elevate while o ther f rac t ions remain normal 
causing an ins ign i f i can t (P 7- 0.01) r i s e in pro te in level 
in the blood of f i shes . 
Enzymatic a c t i v i t i e s of f ish blood showed a very 
i n t e r e s t i n g pa t t e rn , present observations reveal tha t 
105 
allcaline phosphatase a c t i v i t y increased in the infected 
f i shes . cha t t e r j i &, sen GUpta (1959) observed tha t 
a lka l ine phosphatase a c t i v i t y somewhat increased in 
hamsters infected with protozoans. Sanchez & rxisanic 
(1968) also observed t h a t T. 1 ewisi infected r a t s had 
a high quanti ty of a lka l ine phosphatase a c t i v i t y . what 
r e a l l y causes an abrupt increase in t h i s lysosomal enzyme 
in puzzling. p i lk ins (1970) observed tha t a t the time 
of s tarvat ion, the common housev-rat also shows a s ign i -
f i can t r i s e in a lka l ine phosphatase ac t i v i t y . west & 
Todd (1966) noted tha t serum a lka l ine phosphatase i s 
formed by os teoblas t s of bone. Noda (1967a/b) found 
Variat ions in a lkal ine phosphatase ac t iv i ty during 
development and in younger stages of rainbow t rou t , 
which lowered with age. I t was observed tha t various 
fac tors l i k e food, temperature, spawning conditions 
effect the serum enzyme l eve l s of f ishes (Das, 1965; 
Qayyxim & Naseem, 1968; SidciLqui & Naseem, 1971). i t i s 
reported tha t a lka l ine phosphatase i s associated with 
metabolism of carbohydrate, resorption of sugar, f a t t y 
acids (Roche, 1950) and probably these may be the main 
causes of i t s elevat ion, because a t tha t time, most of 
the sugar i s consumed by p a r a s i t e s and the l i v e r i s 
mostly engaged to synthesiz;e carbohydrates causing the 
i06 
elevation of a lka l ine phosphatase. Acic3. phosphatase 
decreases due to the fac t tha t i t replaces the a lka l ine 
phosphatase to i n i t i a t e the formation of glucose, p ro te in 
e t c . 
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TABLE - XX 
EFFECT OF TRYPANOSOMES ON THE BLOOD OONSTITQENTS OF 
SOME FRESHWATER FISHES (ALL VALUES ARE MEAN + S . E . ) 
c. 
H. 
C. 
w. 
species 
ba t r achus 
f o s s i l i s 
p u n c t a t u s 
a t t u 
S ta tus of 
f i s h 
Healthy (10) 
I n f ec t ed (8) 
Healthy (10) 
I n f e c t e d ( i o ) 
Healthy (10) 
I n f e c t e d ( l o ) 
Healthy (10) 
i n f e c t e d (6) 
Glucose 
( nig/100 
65 .3 
+2.2 
41.2 
+3.2 
6 2.3 
+3.2 
38.7 
+2.8 
77 .3 
45.7 
+4.2 
80.2 
+7.8 
60 .3 
+5.7 
c h o l e s t e r o l 
gm) 
40 2.1 
+14.3 
354.7 
+11.8 
344.3 
+ 9 .3 
291.7 
+ 7 .4 
280.7 
+11,3 
257.3 
+ 8.4 
362.4 • 
+ 7.8 
330.1 
+18.1 
p r o t e i n 
gm/100 gm 
4.63 
+0.12 
5.31 
+0.21 
5.07 
+0.41 
5.82 
+0.18 
4.31 
+0.31 
4.81 
+0.42 
5.22 
+0.34 
6 .03 
+0.12 
F igures i n p a r e n t h e s i s g ive t h e number of o b s e r v a t i o n s . 
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TABLE - XXI 
EFFECT OF TRYPANOSOMES ON THE ENZYMATIC ACTIVITY OF ELOOD 
OF SOME FRESHWATER FISHES (ALL VALUES ARE MEAN + S, E . ) 
^ e c i e s S t a t u s o f f i s h 
Al->^aline A c i d 
p h o s p h a t a s e p h o s p h a t a s e 
K»A. U n i t s / l O O ml 
C. b a t r a c h u s 
H. f o s s i l i s 
C, p u n c t a t u s 
W. a t t u 
H e a l t h y (10) 
i n f e c t e d (8) 
H e a l t h y (10) 
I n f e c t e d ( i o ) 
H e a l t h y (10) 
I n f e c t e d ( i o ) 
H e a l t h y (10) 
I n f e c t e d (6) 
5 . 7 3JK). 20 
6 . 2 3 + 0 , 4 1 
5 , 8 2 + 0 . 1 4 
6 , 0 2 + 0 , 1 1 
4 , 9 2 + 0 , 8 1 
6 , 4 1 + 0 , 2 3 
4 . 5 1 + 0 . 4 1 
5 , 1 2 + 0 , 8 1 
2 . 8 3 + 0 , 4 1 
2 , 4 3 + 0 , 5 1 
2 , 1 2 + 0 , 3 6 
2 , 0 1 + 0 , 1 6 
3 . 1 1 + 0 , 3 2 
2 , 7 1 + 0 , 1 1 
2 . 2 2 + 0 . 1 2 
2 . 0 8 + 0 , 0 5 
F i g u r e s i n p a r e n t h e s i s g i v e t h e n u m b e r o f o b s e r v a t i o n s . 
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Effect of trypanosomes on the blood 
glucose level of some freshwater f i shes . 
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Fi g. 20 
Effect of trypanosomes on the blood cholesterol 
level of some freshwater f i shes . 
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Fig. 21 
Effect of trypanosomes on the blood prote in 
level of some freshwater f i shes . 
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Fig. 22 
Effect of trypanosomes on the blood a lka l ine 
phosphatase level of some freshwater f i shes . 
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Fig. 23 
Effect of trypanosomes on the blood acid 
phosphatase level of some freshwater f i shes . 
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i n t h e p r e s e n t t h e s i s , an e f f o r t h a s been made 
t o s t u d y t h e v a r i o u s a s p e c t s of f i s h t r y p a n o s o m i a s i s , 
124o f i s h e s b e l o n g i n g t o 13 g e n e r a and 15 s p e c i e s were 
i n v e s t i g a t e d f o r t h i s p u r p o s e . E i g h t s p e c i e s of t r y p a n o -
somes h a v e been d e s c r i b e d of which s i x a r e new t o 
s c i e n c e and h a v e been g i v e n d i s t i n c t s p e c i e s s t a t u s . 
T h e i r i n c i d e n c e , morpho logy and taxonomy h a v e been s t u d i e d 
and compared. E f f e c t of t h r e e e c o p h y s i o l o g i c a l f a c t o r s -
age , l o c a l i t y and s e a s o n a r e i n c o r p o r a t e d . ^ a t t e m p t 
h a s been made t o s t u d y t h e h o s t s p e c i f i c i t y i n t r y p a n o -
somes. The s t u d i e s on p h y s i o p a t h o l o g i c a l and b i o c h e n i c a l 
changes due t o t r y p a n o s o m e i n f e c t i o n h a v e a l s o been 
embodied i n t h i s t h e s i s which were as y e t p r a c t i c a l l y 
u n t o u c h e d . F u r t h e r , a g e n e r a l i n t r o d u c t i o n , m a t e r i a l 
and V a r i o u s m e t h o d s a n p l o y e d f o r d i f f e r e n t s t u d i e s i s 
p r o v i d e d i n t h e b e g i n n i n g of t h e t h e s i s . 
The t h e s i s i s d i v i d e d i n t o f i v e s e c t i o n s : 
SECTION I - TAXONOMY OF TRYPAMOSOMES 
i n t h i s s e c t i o n , 8 s p e c i e s of t r y p a n o s o m e s a r e 
d e s c r i b e d , 
1 , Trypanosoma a l i g a r i c u s n , s p , ; 
6 ,33% of i t s i n f e c t i o n was o b s e r v e d i n channa 
p u n c t a t u s . I t i s a d i m o r p h i c form e x i s t i n g as s m a l l 
and l a r g e f o r m s . 
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2. Tryp anosoma t r i chogas te r i n, sp. : 
A monomorp'hic species v/bich showed 15,54% infec-
t ion in Trichogaster fasciata* A developmental form i s 
also observed for the f i r s t time. 
3» Tryp ano som a s idd iq i i n, sp, : 
I t i s a polymorphic species ex is t ing as small, 
intermediate" and la rge forms in 20,85% of- wall ago at tu 
examined, 
4, Tryp ano som a t r i formis n . sp . : 
A developmental form of the p a r a s i t e was also 
observed in Heteropneustes f o s s i l i s along v/ith the poly-
morphic adult form (small, intermediate and l a rge ) . 
Moreover, t h i s p a r a s i t e showed highest infect ion (46,66%) 
and highest i n t e n s i t y (about 40 trypanosomes per s l i d e ) . 
5, Trypanosoma monomorpha n, sp. : 
A meagre 4,44% infect ion of t h i s p a r a s i t e in 
Catla ca t l a was observed. I t ex i s t s as a monomorphic 
sp eci es, 
6, Trypanosoma notopter i n, sp. ; 
Notopterus notopterus showed the presence of t h i s 
P a r a s i t e with an infect ion r a t e of 6,09%. I t i s a 
monomorphic species. 
I l l 
7. Trypanosoma batrachj Qadri/ 1962: 
6,33% infect ion of t h i s p a r a s i t e vras observed in 
CIarias batrachus. I t i s a dimorpbic form exis t ing as 
stumpy and slender forms and the two forms are described 
separately for the f i r s t time, 
8, Trypanosoma b a t a i j o . s h i / 1 9 7 8 : 
6 . 25% i n f e c t i o n of t h i s monomorphic t r y p ano some 
was r e c o r d e d . E x c e p t f o r some m i n o r d e t a i l s , i t was 
found t o be s i m i l a r t o T, b a t a i j o s h i , 1978 from Labeo 
b a t a . However/ a t r y p a n o s o m e from Labeo r o h i t a i s 
r e p o r t e d f o r t h e f i r s t t i m e , 
SECTION I I - EFFECT OF ECOPHYSIOLOGIC^ FACTORS ON THE 
INCIDENCE OF INFECTION OF TRYP ANO SOMES. 
T h i s s e c t i o n d e a l s w i t h t h e e f f e c t s of t h r e e 
e c o p h y s i o l o g i c a l f a c t o r s namely , age , l o c a l i t y and 
s e a s o n on t h e i n c i d e n c e of i n f e c t i o n of f i s h t r y p a n o s o m e s , 
An' a t t e m p t h a s been made t o s t u d y as t o how t h e s e f a c t o r s 
Can e c o l o g i c a l l y and p h y s i o l o g i c a l l y c a u s e v a r i a b i l i t y 
i n i n f e c t i o n , 
SECTION I I I - HOST SPECIFICITY IN TRYPW>10SOMES. 
Hos t s p e c i f i c i t y i n t r y p a n o s o m e s i s d i s c u s s e d and 
i t h a s been t r i e d t o a n a l y s e what f a c t o r s p l a y a r o l e 
i n d e t e r m i n i n g h o s t s p e c i f i c i t y i n p i s c i n e t r y p a n o s o m e s . 
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SECTION IV - EFFECT OF TRYPi^ NOSOMES ON THE HAEMATOLOGICM. 
VM.UES OF THE BLOOD OF HOST. 
S t u d i e s were made t o o b s e r v e t h e e f f e c t of t r y p a n o -
somes on t h e b l o o d p i c t u r e of C l a r i e s b a t r a c h u s and Channa 
p u n c t a t u s and i t was found t h a t baennoglobin c o n c e n t r a t i o n 
and t o t a l e r y t h r o c y t e s c o u n t s (TEC) d e c l i n e d s h a r p l y 
w h e r e a s t h e t o t a l l e u c o c y t e s c o u n t s (TLC) e l e v a t e d s i g n i -
f i c a n t l y i n t h e b l o o d of i n f e c t e d f i s h e s , i t was i n t e r -
e s t i n g t o n o t e t h a t due t o t r y p a n o s o m i a s i s / b o t h 
a g r a n u l o c y t e s and g r a n u l o c y t e s r o s e e x c e p t t h e n e u t r o p h i l s 
which f e l l s h a r p l y i n t h e i n f e c t e d f i s h e s . 
SECTION V - EFFECT OF TRYP/^0SOMES ON THE BIOCHEMICMJ 
CONSTITUENTS OF THE BLOOD OF HOST. 
The o b s e r v a t i o n s were made on f o u r d i f f e r e n t s p e c i e s 
which were h e a v i l y i n f e c t e d w i t h t r ypanosomes and m a i n l y 
d u r i n g Novonber/ December when t h e i n t e n s i t y of i n f e c t i o n 
was a t i t s p e a k . I t was n o t e d t h a t i n a l l t h e f o u r s p e c i e s 
C. b a t r a c h u s / H « f o s s i l i s / C p u n c t a t u s and w« a t t u t h e r e s u l t s 
f a l l on t h e same p a t t e r n b u t h a v e d i f f e r e n t r a n g e and mean 
V a l u e s . G lucose / c h o l e s t e r o l and a c i d p h o s p h a t a s e f e l l i n 
t h e i n f e c t e d f i s h e s w h i l e p r o t e i n and a l k a l i n e p h o s p h a t a s e 
r o s e up i n s i g n i f i c a n t l y i n m o s t of t h e f i s h b l o o d . 
The t h e s i s i s f u l l y i l l u s t r a t e d w i t h c a n e r a l u c i d a 
d i a g r a m s and h i s t o g r a m s of v a r i o u s o b s e r v a t i o n s . i n a l l 
t h e r e a r e 23 f i g u r e s and 21 t a b l e s . A l i s t of 187 r e f e r e n c e s 
h a v i n g a d i r e c t b e a r i n g on t h e t e x t i s p r o v i d e d i n t h e 
end of t h e t h e s i s . 
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